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THE TIME-RELATIONS OF THE PHOTO-ELECTRIC 
» CHANGES PRODUCED IN THE EYEBALL OF THE 
- FROG BY MEANS OF COLOURED LIGHT. By 
FRANCIS GOTOH, M.A., DSc. (Oxon.), F.RS. (Seven Figures 

in Text.) 


IN a communication published in a recent number of this Journal I 
described the characters of the photo-electric effects which are produced 
in the excised eyeball of the frog when this is illuminated by white 
light? In that communication I also referred to the occurrence of 
effects similar in type to those produced by illumination, which are 
produced when the illumination suddenly ceases. 

It was further pointed out that whilst the two photo-electric 
responses, that due to illumination and that following the cessation of 
illumination, were similar as regards type and general character, they 
differed in regard to certain features of their time-relations. The 
analyses of these time-relations appeared to show that differences, 
admittedly small and therefore not wholly free from suspicion, were 
always observed ; the differences between the time-relations of the two 
effects, Surtioularly the periods of delay, were, however, sufficiently con- 
stant to suggest that the two responses should be considered as distinct. 
The conclusions thus arrived at involved the assumption that the frog’s 
eye possessed the capacity of giving both an excitatory response to light 
and an excitatory response to darkness. 

In my further experiments with coloured light I have beem able to 
obtain more convincing evidence of this twofold capacity of the eye, 
and in addition I have ascertained other features which appear to be 
characteristic of the response of the eye to different varieties of coloured 
light, As far as I am aware no such investigation as that described in 


- the present communication has been hitherto undertaken, for although 


a number of observers have determined the galvanometric effect when — 
the eye is stimulated by coloured light, these observations are, from 
the nature of the recording instrument, incapable of revealing the time- 


1 This Journal, xxrx. pp. 388 to 410. 1903. 
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relations of the changes in the eye which produce the galvanometric 
deflections’. 

The capillary electrometer used in the Oxford Laboratory has, 
however, given excellent results in regard to the time-relation of the 


excitatory change in eyeballs subjected to varieties of coloured light; 


these results bring out so many points of interest that it seems desirable, 
without waiting until the whole investigation is completed, to place on 


record the chief features which appear to characterise the time-relations 


of the eye responses under these conditions. 

The Methods used in the present Research. Two different methods 
have been employed for varying the character of the light; the first 
consisted of screens of such materials that light of a definite spectral 


colour was alone filtered through them to the eyeball; the second — 
method consisted in a special arrangement whereby the spectrum itself — 


was obtained and the eyeball placed so as to be illuminated by any 
desired portion of this spectrum. Both methods present certain 
advantages and certain defects. The coloured filters are limited as 
regards variety, since it was found impossible to make any definfte 
colour-screens other than red and violet ones; on the other hand 
the filter method can be made extremely exact as regards both the 
colour used andy the elimination of all illumination except that due to 
the light which is transmitted through the screen. The spectrum 
method has obvious advantages as regards range and variety of hue, 
it is however always attended by the risk of overlapping regions and 
by the necessity of adopting special precautions against false light, 


ete. In many ways the two methods supplement one another, and in 


the present research the employment of the two has proved of the 
utmost service. 

In order to obtain records of the photo-electric effects in the excised 
eyeball of the frog, the apparatus described in my previous communica- 
tion was at first used, but later this was replaced by one of a more 


permanent and satisfactory character. A long black box, 44 feet: 


long, 16 inches wide and 15 inches deep, contains the chamber 
for the eyeball and various accessory apparatus. Upon one of the 
narrow ends of the box is fitted a specially constructed slit; this slit 
admitted of very fine adjustment and was guarded by two falling 


-zine shutters; the fall of the first shutter allowed light to traverse the 


1 Dewar and McKendrick, Trans. R. Ss. Edinburgh, 1873 ; Kihne and Steiner, 
Untersuch, a. d. Physiol. Institut, ee 8 and * 1880, 1881. Waller, Phil. Trans. 


193 B., London, 1900. 


t 
Site 
AS 
4 
= 
4 
ind 
qq 
: 
4 
tre 
a 
* 
Pay 


* 


ELECTRICAL CHANGES IN. FROG'S EYEBALL. 3 


slit, the fall of the second shutter stopped the passage of the light, 
The box was so placed that the slit could be directed towards a source 
of light; the light used was that of an electric arc placed at a distance 
of about 5 feet, and was condensed on the fine slit by means of an 
appropriate lens of either glass or quartz. A portion of the light which 
traversed the slit and thus entered the box was reflected back and 
emerged from a hole carefully guarded so as to prevent the entrance of 
other extraneous light; this reflected beam, as in the method employed 
in my previous experiments, and described in my previous paper, was so 
deflected by appropriate mirrors and prisms as to reach the photographic _ 
chamber through which the recording sensitive plate was moved by | 
Burch’s special piston-recorder. On this moving plate were thus cast, 
(1) the projected image of the mercurial meniscus of the sensitive 
capillary electrometer, (2) the beam of light which was allowed by the 
movement of the shutters to traverse the slit and thus illuminate the 
eyeball, (3) the shadow of a tuning-fork arm vibrating 5 times per second. 
Each record thus contains in the middle the curve of displacement of 
the meniscus, beneath which is a dark band, indicating the commence- 
ment, duration and cessation of the stimulating light, whilst above it 
are time vibrations, each full wave being 0°2 second. The moving 
plate holder in its passage opened two keys which formed part of 
two electro-magnetic circuits; the armature of each electro-magnet was 
one of the shutters guarding the slit, hence when the moving plate 
caused the successive opening of the keys, the slit was first opened and 
then shut. It will be obvious that by shifting the two .keys any 
desired duration of illumination can be obtained, and that either the 
onset or the cessation of the resulting illumination can be arranged so 
that it occurs when the plate has reached any desired position. 

There is little to be said as to the preparation, which consisted in all 
cases of the freshly excised eyeball of R. temporaria. It was arranged 
in a moist chamber between two non-polarisable electrodes, one of which 
made contact with the posterior surface (fundus), the other by a kaolin 
ring with the circular margin of the cornea; the visual axis was thus 
left uncovered and was arranged so as to coincide with a small aperture 
in the cover of the eye chamber; this eye chamber was placed so that 
the light which entered the box should fall on the aperture. 

As regards the mode of experiment it was usual to first observe 
and record photographically the amount and direction of any resting 
eyeball currents ; as a general rule the resting difference was such that 
a current traversed the eyeball from fundus to cornea, but occasionally 
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~ reversed differences were observed. ~The response of the eyeball to a 


brief illumination was then observed in order to ascertain whether the 
preparation was a satisfactory one, and if so, then a series of successive 
records was made. In all the observations and the records of stimulation 
effects due to illumination the response of the eye showed itself as 
a difference of potential causing a current to flow through the eyeball 
- from the fundus to the cornea; whenever a response occurred on the 
~ cessation of illumination the response was of a similar type. This was 
the case whether the illumination was that of either white or any 
variety of coloured light. A large number of records have been 
made; many of these for various reasons were not suitable for exact 


analysis, but a very considerable number afforded excellent material 


for the purpose and from these could be deduced the time-relations of 
the photo-electric changes. 


Special arrangements were provided in the case of those experiments | 


carried out by spectrum light; these will be described later in connection 
with the spectrum results. 


ILLUMINATION THROUGH RED AND VIOLET FILTERS. 


A large number of experiments were made by allowing the mixed 
light of the electric arc to pass through red and violet filters which were 
situated in:front of the chamber containing the excised eyeball. 

Various filters were tried but only two were found to be of a 
_ thoroughly satisfactory character as regards colour; these two were, 

(1) a glass trough 6 cms. in width with ruby-glass on its face and con- 


taining a strong solution of bichromate of potassium, and (2) a glass. 


trough 3 cms. wide containing a strong solution of ammonio-sulphate of 
copper. In order to test the filters the transmitted light was examined 


spectroscopically by means of a large Hilger spectroscope ; the solutions | 


were made of such strength and the troughs of such thickness that with 
the red filter, only the red end of the spectrum up to a point short of the 
D line was visible, whilst with the blue-violet filter the whole of the red 
and green and the greater part of the blue-green border were completely 


cut off. Attempts to make a monochromatic green filter failed, hence — 


the experiments were limited to the photo-electric reactions produced 
__Fespectively by an undoubted red and an undoubted blue-violet light, 
and this part of the research is therefore limited to comparing the 
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_ _photo-electrie responses occurring under these conditions with those 
_ produced by white (mixed) light’. 


It is impossible to attach any absolute value to the relative amounts _ 
of the photo-electric changes produced by the light through the two 
filters since several essential data such as the photometric value of the 
total light and the luminosity of the two colours could not be accu- 
rately determined ; in this respect the spectrum experiments are more 
valuable, On the other hand there is always in spectrum experiments 
the possibility of overlapping areas and of false illumination from other 
portions of the transmitted light, whereas with the filters it is at any 


rate certain that only light of 4 definite quality as regards colour (viz. 


red and blue-violet respectively) reached the eyeball; upon this last 
point I desire to lay special stress. Although the records of the various 
magnitudes of photo-electric effect produced by the different lights 
traversing the filters cannot be considered as sufficiently absolute to 
serve as a foundation for a scheme of reaction capacities, they have a 
relative value. Thus the reaction to light coming through the red 
filter appears to be of a pronounced character, whilst that to light 
coming through the blue-violet filter is distinctly feebler ; and since this 
relationship is borne out by the spectrum experiments we are at least 
justified in concluding that the capacity of the eyeball to respond 
photo-electrically to red light is greater than its capacity to respond to 
blue-violet light. It has already been stated that the photo-electric 
changes produced by red and by violet light, as indicated by the recorded 
displacements of the mercurial meniscus of the capillary electrometer, 
resemble the changes which are produced by the action of mixed light 
as regards their general type. Thus at the onset of the illumination a 
sudden alteration always occurred in the potential difference between 
the two contacts, and this was always of such a character as to indicate 
a current through the eyeball from the fundus to the cornea; this 
“illumination response” was produced by either of the colours or by 
white. Whilst the illumination persisted this initial change continued 
to develope until it attained a maximum, after which it generally tended 
to subside; when the illumination ceased a second increase in this 
difference of potential occurred, this being what I now term the “dark 
response.” The capillary records thus present the same general appear- 


ance as those which were reproduced in my previous paper already 


1 The amount of blue coming through the blue-violet filter was so small that the light 
may be considered as “violet” although it is described here as ‘ blue-violet ” since this 
is its exact character. ; 
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vibrations are those of a fork vibrating 5 p. v. in one second; the onset, duration, and 
cessation of the stimulating light are indicated by the dark band. The Sig: epancns 
of the capillary meniscus shows in each case the photo-electric response, the eyeball 
being illuminated by red light. 
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referred to. It seems unnecessary to give a number of examples of such 
records since their real value is only realised after subjection to appro- 


priate and careful analysis, by which means the time-relations of the | 


varying EMF. which they indicate can be determined. In order, 


_ however, to furnish examples of the materials submitted to analysis’ 


facsimile reproductions of electrometer records are reproduced in Figs. 1 
and 2, The records shown in Fig, 1 were obtained by illuminating the 


__eye through the red filter for a given period; the onset, duration, and — 


cessation of the illumination are recorded by the dark strip below each 
record. The time vibrations at the upper part of the upper experimental 
record are those of a fork vibrating 5 times in a second. It will be 
noticed that the recording surface moved most rapidly in the case of the 
upper experimental record and most slowly in that of the lowest one. 
It will be noticed further that the duration of the illumination is 
2 seconds in the upper record, 4 seconds in the middle record, and about 
74 seconds in the lowest record. The response at the onset and during 
the persistence of the red light, indicated by rise in the level of the 
_ meniscus, is well marked in all three records; the response on the 
cessation of the illumination is distinct in the case of the longest 
illumination (74 seconds) which gave the lower record, and is also 
indicated in the case of the illumination for 4 seconds which gave the 
middle record. 

In Fig. 2 are shown two records of the maximum electrical responses 
obtained with the blue-violet filter, the ones selected being some of the 
largest ones which I possess: the majority of the records show less 
conspicuous responses to this form of illumination. 

It will be noticed that the recording surface moved most rapidly in 
the case of the upper record. In the upper record the duration of 
illumination was 6} seconds, and although there is a distinct “ illumina- 


tion response” indicated by a rise in the level of the meniscus, there is — 


no terminal or “dark response ” following the cessation of the illumina- 
tion. The illumination itse]f is shown by the lower dark band. In the 
case of the lower record, obtained on a more slowly moving plate, the 
duration of illumination was about 10 seconds, there is a distinct 
“illumination response ” indicated by a rise in the level of the meniscus, 
and a second terminal or “dark response” occurs after the cessation of 
the light. 

A number of records similar to those here reproduced have been 
subjected to analysis. From these analyses a selection has been made 


of wach as seemed typical, and these have been plotted as curves of 
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which the ordinates represent the calculated difference of potential 
between the contacts, whilst the abscisse indicate the observed time 
after the commencement of the illumination to which the calculated 


Fig. 2. The two records given in this figure show two of the largest of the responses 
which were obtained by illuminating the eyeball with violet light. 


difference of potential refers. In Fig. 3 are shown three such plotted 
curves. They represent the photo-electric changes produced on the 
frog’s eyeball by illumination through colourless, red and violet filters 

respectively. 
It will be noticed that the change evoked by the illumination 
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through the red filter and displayed in the middle curve is very 
pronounced, being quite as marked as that evoked by the white light 


| 


Fig. 8. Plotted curves constructed from the analyses of three typical electrometer records. 
The illumivation began in each case at the left-hand edge marked zero, and lasted 
until the point marked on each curve by a cross. Abscissm indicate time after the 
commencement of the illumination; ordinates the z.m.r. of the change in ten 
thousandths of a volt. The illumination in the case of the upper record was white 
light, in that of the middle one red light, in that of the lowest one violet light. : 


through the colourless filter shown in the upper curve.” It will be further 
noticed that the cessation of both the white and the red illumination is 
followed by a “dark response” which is superimposed on the residue of 
the illumination effect; I propose throughout this communication to 
call the terminal effect “the dark response,” in contradistinction to the 
initial or “light response” evoked by the actual illumination. 3 
Initial and terminal changes of the same type (ze. “ light responses ” 
and “dark responses”) are shown in the lowest_curve when the eyeball 
was illuminated by violet light and when this illumination ceased, but 
they are obviously of much smaller amount than those evoked by either 
the white or the red light. In the figures the duration of the illumina- 
tion is indicated as follows; it commences at the zero upon the left-. 
hand side of each curve and ceases at the point marked with a cross 
upon’each curve; the duration of the white and red light was therefore 
in these instances about 8 seconds, that of the violet light about 
_ 9 seconds. 
_ The occurrence of an excitatory effect, or “dark response,” on the 
cessation of the illumination by either red or violet light is, as in the 
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case of white light, dependent upon there having been a sufficient | 
period of illumination. The period for which the coloured light must 
last in order that sudden darkness may evoke a further excitatory 
response is much longer when the violet light of low luminosity is the 
source of the illumination than when the red light is used. It follows 
that a duration. of illumination can always be found which gives on its 
cessation marked “dark responses” provided the light used is white or 
red, but which gives no “dark response” if the light has been violet. 
In Fig. 4 are shown plotted curves of eye responses in illustration of . 
this point. | 
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Fig: 4. Plotted curves constructed from records of photo-electric responses. The records 
were made on a faster travelling surface than those of Fig. 3. The duration of the 
illumination is shown on the record, it commenced at 0 and ended at the point 
marked with a cross on each curve. There is no terminal response on the lowest 
curve, which shows the effect of violet illumination. ‘ 


It will be noticed on comparing the three curves given in the figure 


that in the case of white and red light (the upper and middle curves) 


each of which lasted for 3 seconds, there is a “dark response” following 
the cessation which occurred at the point marked by a cross. On the. 
other hand in the case of violet illumination, shown in the lowest curve, 
there is no “dark response ” although the light lasted for 4 seconds. — 
An examination of a large number of such records shows that the 
minimal duration obtained in the case of white light after which 


darkness evoked a “dark response” was 1°5 seconds, that of red light 


25 seconds, whilst in the case of blue-violet light, a dark response was 
only once observed after a duration of 6:5 seconds illumination, and 
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was not generally obtained unless the duration was increased to from 8 
_ to 9 seconds. This is an interesting feature of the responses to the 
two coloured lights; but the most important characteristics are those 
connected with the period of delay. A different period of delay for 
the two responses is brought ont by all the records, but is especially 
noticeable in those taken on more rapidly moving plates. A number 
of such records have been made so as to include the start of the “light 


response” and of the “dark response” respectively. ‘These will now 
be refprred to separately. 


, THE PERIOD OF DELAY OF THE RESPONSES TO RED 
: AND VIOLET LIGHT. 


_ The results are illustrated by the curves shown in Fig. 5, which give 
analyses of typical records. 


Volt. 
0008 
sre | 
0003 
0001 / 
0004 
0003 
0002 
0S 0s 06 06 0 02 0S 0s 06 07 08 os 


Fig. 5. Plotted curves constructed from records obtained on fast moving plates. The 
two upper ones show the start of the illumination response with white, red, and violet 
illumination respectively ; the two lower ones show the start of the terminal response 

produced when the light ceases. 


In this figure each of the upper groups contains three curves, 
representing respectively the start of the responses to white, red, and 
blue-violet illumination. It will be noticed that the period of delay is 
shortest in the case of the response to white light, being 0:2 second, 
that it is longest in the case of red light, being over 0°3 second, and that 
as regards blue-violet light it is intermediate in duration, being some- 
what less than 0°3 second. 


3 
a 
ck 
, 
J 
if 
" 
4 
h 
= 
4 
‘ 
‘ 


12 F. GOTCH. 

The increased delay in the response to red light is evidently not due 
tothe smaller size of the effect, since in one of the groups of curves the 
red response is seen to be actually more pronounced than that evoked 
by white light, and yet its delay is half as long again as that of the 
white light response. 

Moreover, the blue-violet response is smaller in magnitude than the 
red response, yet its delay is less than that evoked by the more potent 


red light. These differences are corroborated by the results to be 


referred to later, obtained by the use of the spectrum. 

A further point of interest is connected with the period of delay 
of the “dark response” which follows the cessation of the coloured 
illumination. In order to obtain distinct terminal responses of this 
type a previous illumination of from 12 to 15 seconds was allowed to 
_affect the eye and the travelling plate then shut off the light. The 


analyses of two sets of dark responses following white and red illumina- 


tion respectively are shown in the lower part of Fig. 5. The moment 
at which the light ceased is coincident with the point on the left hand 
marked zero. It will be seen that the “dark response ” commences after 
the same period of delay, namely 0°2 second, whether the light was white 
or red, and hence these differ from the “light responses” which are 
always perceptibly longer with red than with white illumination. 

These characters of the period of delay for the “light” and for the 
“dark responses” appear to me suggestive indications as to the reactive 
capacity of the eye: I have therefore grouped in the following table 
the delay which occurred in such records as from their nature admitted 


gf accurate measurement. The results fully confirm the conclusions — 


derived from the experiments already described, and it will be seen later 
that the work carried out by the help of the spectrum affords results 
which show the same features. 

A glance at the table shows the extraordinary constancy of the 
“dark response” whatever the preceding illumination; it shows also 
the invariably more prolonged delay of the “red response” and the 
more varying duration of the “blue-violet response” where these are 


compared with the delay of the response to the white light through the 
clear filter. 


The evidence furnished by the records thus demonstates that 


whereas the time-relations of the “light response” vary with the 
quality of the stimulating light, those of the response occurring on the 
cessation of the light are as regards period of delay extremely constant. 
It is thus most improbable that the latter can be regarded as in any 
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Period of Delay of the Photo-clectric Response of Frog's Eyeball at 15° ©. 


* Red filter Blue-violet filter Clear white filter 
Dark Dark Tilum. Dark 
response response response response response = response 
. Delay 1 0-28" 0°20” 0°23” 0°20” 0°22” 0°18” 
0°20 0°30 0°20 0°18 0°18 
0-20 022 ° 020 . 0-20 0:28 
0-20 0°25 0-20 0°18 
ee 0-20 0-28 0-20 0-20 
» 6 > 080 0-20 0-22 0°18 0-20 
0-20 0-20 . 0-23 0-20 
0-20 0°32 0-20 0-20 
0-20 0°30 
0:28 0°20 0°30 
0-20 0-28 
» 12 028 0-20 0-26 
» 18 0°33 0-20 


sense a rebound from the condition produced by the illumination.” 
Why should it possess this constancy of delay? The only satisfactory 
explanation appears to me to be that the physical condition which acts 
as the stimulus is unaltered in character under all. these varying 
conditions and thus possesses uniform physical characters. Whatever 
the quality of the previous illumination its cessation causes one constant 
physical condition, namely, that of darkness; and if we assume that 
this sudden darkness is the stimulus then the response evoked by its 
occurrence should always show the same delay. The conclusion ‘thus 
reached involves, as a consequence, the assumption that the retinal 
excitable structures possess the capacity of developing the excitatory 
state whether they are acted upon by sudden light or by sudden 
-darkness. As far as the photo-electric indications of this state are 
concerned, it is evident that the reaction is of the same fundamental 
‘type in the two conditions, but the finer details of the one condition, 
that of the light response, are obviously distinguished from those of the 
other condition, that of the “dark response ;” hence there must be two 
distinct substances, one reacting to light, the other reacting to darkness. 

A further question of very great interest is related to the varieties of 
“light responses.” The problem as to the number of fundamentally 
distinct colour reactions has been approached from many different sides, 
but as far as I am aware it has not hitherto been approached from the 
experimental point of view now under consideration. It is not to be 
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expected that experiments with only two colour filters can give extended 
information as to this. Nevertheless the results are very suggestive, 
especially since’ the further results obtained with the spectrum extend 
them so as to cover the whole range of coloured light. 

It is therefore worth considering how far the photo-electric responses 
obtained with undoubted red and undoubted blue-violet illumination 
differ in regard to their characteristic features. In the first place it is 
well to bear in mind that in one respect all illumination responses are 
alike. The response is always of the same electrical sign. There is no 
photo-electric evidence of changes evoked by retinal stimulation of — 
a fundamentally opposed type. Since in all the numerous records 
obtained from the frog’s eyeball, the change if present has the same 


sign, there is no shadow of photo-electric support for retinal excitatory _ 


states evoked by light, based some on katabolic rs and others 

on anabolic (associative) processes. 

| There are however distinct differences of detail between the red and 
the blue-violet responses; these fall under three categories, (a) differ- 

ences in the period of delay, (b) differences in the rate of development, 

(c) differences in the magnitude of the photo-electric effect. 

As regards the first of these it will be noticed that whereas the 
period of delay with red and blue-violet light is distinctly longer than 
for white light, that for red is the most constant and the most prolonged. 
It appears from experiments with the spectrum that the presence of 
blue light tends to shorten the blue-violet reaction time. No constant 
difference in the rate of development of the response to the two 
varieties of light could be made out, but as a rule the smaller violet 


response attains its maximum more quickly than thelarger red one. 


(see Fig. 6). Finally a constant and distinct difference is always found 
in the magnitude of the effect which each variety evokes. It.is sur- 
prising what large photo-electric responses may be produced in favour- 
able specimens by comparatively dull red light ; indeed it often happens 
that the response thus evoked equals or even exceeds in magnitude the 
response evoked by white. In illustration of this last point attention is 
drawn to the analysed curves shown in Fig. 6. 
| In this three groups of curves are given ; they are analyses of records 
made under special precautions as regards condition of eyeball, tem- 
perature, previous exposure, and steadiness of illuminating source. In 
the upper group the response to red illumination reaches a maximum 
of nearly 0005 volt, whilst that to blue-violet only attains one of 0002 
volt and then begins to decline. A similar difference in the value of 
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the two responses is shown in the left-hand lower group of curves. The 
right-hand lower group affords a striking illustration of the not infre- 


Fig. 6. Plotted curves constructed from photographic records to show the comparative 
size and rate of development of the response to red and the response to violet light. 
The right-hand lower pair of curves give an instance of a red response exceeding in 
magnitude that previously obtained in the same eyeball by white. 


quent observation that the response to red light can attain a maximum ~ 
which actually exceeds that of any response obtainable in the same eye 
by white ; the white light used was obtained by replacing the red filter by a 
trough filled with water and narrowing the slit. The relationship between 
the magnitude of the photo-electric effect and the quality of the stimulat- 
ing light has formed the subject of investigation by all those investigators 
who have used galvanometric methods for the detection of the photo- 
electric response. It is however not surprising that their results are 
somewhat conflicting, since the method employed involved what, as 
compared with my own experiments, must be considered as a prolonged 
exposure to light (10 seconds in Waller's experiments) whilst the 
galvanometric effect is undoubtedly the expression of a summed result, 
in which the several phases. of development, persistence, and decline of 
any response cannot be followed. 

Dewar and McKendrick consider that the results alter in magni- 
tude with the luminosity of the quality of the light, and it will be seen 
from the observations to be described in the next section of this paper 
that this view is supported by the magnitude of the initial response 
to light as determined from the electrometer records’. Holmgren 
found that both the red and blue ends of the spectrum were less potent 
stimuli than the green-yellow regions*. Waller considers that red is the 

1Dewar and McKendrick. Transactions Roy. Soc, Edin., 1873, p. 141. Dewar, 


Proc. Roy. Institution, 7, p. 360. 1876. 
2 Holmgren. Untersuch. a. d. Physiol. Institut, Heidelberg. 1882. 
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least. potent, green and yellow the most, and that any colour evokes 
responses which are much smaller in magnitude than those produced by 
white light. These discrepancies are probably related to the sum- 


mation of total effect previously referred to. The electrometer method 


affords information as to the greatest magnitude of E.M. F., reached by 
the response during any part of the illumination. If this maximum 


subsides in one case and persists in another, then obviously the former — 


might produce a smaller total galvanometric deflection than the latter. It 
may even happen that, since the magnitude of the galvanometric deflec- 
tion is determined by the duration quite as much as by the intensity of 


any electrical current, an effect attaining a higher E.M.F. but which 
somewhat rapidly subsides, would give galvanometrically a smaller — 


deflection than one which persisted throughout at a lower level of 
E.M.F. It appears that this is the case in regard to red and white light, 
the response to the latter persisting when that to the former has begun 
to decline, and hence the results described in the present communica- 


- tion must not be taken as contradicting the experimental facts as 


observed by recording the galvanometric deflections. As regards 
interpretation however there is I think little doubt that any conclusions 


as to the stimulating efficiency of different colours can only be based on — 


the comparison of such records as will show the maximum change 
wttained in any given instance. It is in this respect that the present 


research differs fundamentally from those conducted by means of the - 


galvanometer, and therefore appears to me to indicate the possibility of 
obtaining the necessary data from which to make a true comparative 
chart of the relative stimulating efficiency of different illuminations. 
As far as the results at present described furnish such data it would 
appear that red is a potent stimulus, the change it evokes attaining 
a maximum little inferior to that of the change evoked by white and in 
some instances actually greater, whilst blue-violet is a feeble stimulus 
and evokes a change which is always inferior as regards its maximum 
development to that evoked by red. This point is illustrated in the 
table given later on (see p. 25). : 


THE RESPONSE OF THE EYEBALL TO THE LIGHT OF 
DIFFERENT REGIONS OF THE SPECTRUM. 


The spectrum used for these experiments was that obtained by - 


means of a grating set upon a biconvex lens having a principal focal 


* Waller. Phil. Trans. Vol. 198 B., pp. 186, 187. 
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length of 18 cms. ; this was kindly placed at my disposal by Mr G. J. 
Burch, who also assisted me in fitting it up for the purpose of the present 
research. It was fixed on a stand in the latge black box previously 
referred to and at such a distance behind the adjustable slit as was 
found to be most suitable. It produced a series of extremely vivid 
spectra; that of the second order being the sharpest was arranged to 
fall on the aperture in the lid of the dark moist chamber containing the 
eyeball, The light of the arc lamp was focussed on the slit by means of 
a quartz lens of 15 cm. focal length, and the spectrum focussed at 62 cms. 
from the grating showed the well-known fluorescent bands in the 
ultra-violet region when it illuminated appropriate substances such as 
solutions of fluorescine, quinine, paraffin oil, etc. The fluorescent bands 
could also be seen when the spectrum was thrown on any ordinary white — 
paper, on the skin of the hand, the cornea, and either the sclerotic or 
the lens of the eyeball; the lens of the eyeball gave particularly obvious 
fluorescent effects and shone out like an opal in the dark ultra-violet 
region. The moist chamber containing the eyeball was covered by 
a special cover pierced by a small aperture immediately over the 
subjacent preparation which was arranged so as to face the aperture ; 
_ the cover consisted of a close-fitting hinged lid which could be raised or 
_ lowered as desired. The chamber was fixed on a stand which could be 
shifted by means of a screw adjustment along the arc of a circle of 62 
cms, radius, the centre of which coincided with the fixed position of the 
grating. By this means the chamber could be shifted so that the 
aperture should lie in any desired region of the projected spectrum. 
The undeviated light which was transmitted through the centre of the 
grating was intercepted by a special mirror fixed in the large black box 
and reflected out by a special channel ; this was by means of appropriate 
mirrors and prisms allowed to reach the sensitive plate which recorded 
the movements of the meniscus of the capillary electrometer. In 
addition to the above apparatus, the large box contained a further 
arrangement for determining and varying the amount of light passing 
through the grating. A white screen could by means of a special lever 
be interposed at any moment in the path of the undeviated beam; the 
white screen when illuminated by the beam was so situated that it 
could be viewed through a tube fixed in the lid of the large external 
box; the tube contained a double prism photometer on the Lummer- 
Brodhun principle. The value of the light passing through the grating | 
was by this means compared with that of a standard candle placed at 


a fixed distance 76 cms. from the photometer outside the box; as the 
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two illuminations were of different quality it was found necessary to 


~ view them both through red glass ; it was ascertained that by this means 


inequality in the two sources of light could be readily detected. In 
practice the standard candle was fixed permanently at a given distance 
(76 cms.); by means of the slit, which admitted of very fine adjustment 
as regards size, the amount of light passing through the grating could 
be always adjusted until it corresponded in photometric value with that 
of the candle. 

A serious difficulty in connexion with such spectrum experiments 
arises from the unavoidable general illumination of the interior of the 


large black box; this was largely got rid of by fixing in appropriate 


positions black tubes for the various beams and wooden screens to guard 
the eye chamber. It was however necessary to constantly keep in mind 


...the possibility of error due to false light and for this purpose to carry 


out control experiments of various kinds. The control most generally 
adopted was of the following character. 7 

The preparation being placed in the moist chamber and this inserted 
into the box, the whole box was closed by a wooden lid and it was 


arranged that the aperture leading to the eyeball should lie in the dark 


portion of the spectrum below-the visible red end. An experiment was 
now carried out, the light passing through the slit by the release and 
fall of the shutters. In this case there was the usual general illumina- 
tion of the large black box, but the eyeball gave in only a few instances 
quite slight and hardly recognisable indications of any photo-electric 
response; in a large number of instances it gave no response at all. It 
thus followed that the various means employed for preventing ex- 
traneous light from reaching the aperture leading into the eye chamber 
were adequate and that the only light reaching the eye was that of the 
region of the spectrum which was focussed upon it, 
_ As regards the general results obtained’. when the eyeball was 
so situated as to be illuminated by various portions of the visible 
spectrum, I have never failed to obtain responses, although these, as _ 
was to be expected, differed in magnitude in different preparations. : 
The behaviour of the eyeball to the ultra-violet portion of the 


spectrum is of some little interest, as feeble responses of variable 


extent and capricious as to their production are seen in several of my 
photographic records, I believe that these responses are largely 
related to the production’ in the eye media of fluorescence since they 
are especially prominent when the eyeball lies in regions which cause 
the lens to fluoresce: it is also possible that the retina may fluoresce 
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under these conditions. Further observations on this subject are now 
in progress but one or two general points in connexion with the subject 
may be appropriately nientioned here. There is little doubt that this 
region does not evoke the obvious and characteristic responses which are 


produced by the bright portions of the spectrum. Helmholtz drew 


attention to the fact that with sunlight even the ultra-violet region is 
faintly visible provided that the bright part of the spectrum is com- 
pletely masked; he leaves it undecided whether this ultra-violet 
visibility is the direct action of the ultra-violet light or is produced — 
through the causation of fluorescence’. Garten used the ultra-violet 


_ rays for his extremely beautiful records of the pupillary reactions in 


man’, his plan.of experiment being to keep the eye in the ultra-violet 
region and so obtain photographs of the pupil without ah illumination 
which would cause a reaction; when a bright light illuminated the eye 
the pupil constricted and when the light ceased it dilated, both events 
being recorded on the continuous photographic plate which was affected 
by the reflected ultra-violet rays. It thus appears that the pupillary 
response to ultra-violet light is so inconsiderable as to be negligible, 
the pupil acting normally to the onset and the cessation of visible 
illumination even when kept continuously in the ultra-violet region. - 
The capricious character of the small photo-electric responses which 
I have obtained from the frog’s eyeball when placed in the ultra-violet 
region has led me to doubt whether these can be considered as evoked 
by the ultra-violet light at all. It must be remembered that with the 
grating method the different orders of successive spectra tend to tail off 
into one another. In order therefore to obtain additional evidence of 
a reliable character I have employed in addition to the spectrum the 
filter described by Professor Wood’. This consists of thin dense 
cobalt glass coated on one side with a thin gelatine film lightly stained 
with nitroso-dimethyl-aniline and covered by a thin piece of Chance’s 
signal-green glass. 
The filter was placed behind the aperture leading into the moist 

chamber. ~ It was ascertained that no visible light traversed the filter, 
but that when solutions of fluorescine, quinine, etc., were placed in the 
path of the filtered light they showed quite obvious fluorescence, which 
was at its maximum in the ultra-violet region but extended into violet 
and green portions of the spectrum, now invisible, in the case. of 

1 Helmholtz. Physiol. Optik, 2 Aufl. pp. 279, 304. | 

2 Garten. Archiv f. d. ges. Physiol. uxvi. pp. 68 to 94. 1897. 

3 R. W. Wood. Astro-Physical Journal, xvut. p. 188. 1908. 
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fluorescine as far as the D line. Wood’s' photographs and observations 
show that the filter allows actinic rays and rays capable of causing 
fluorescence to pass, but cuts off others. I have obtained under these 
conditions no trace of any photo-electric response in the frog’s eyeball and 


pending future experimental enquiry am inclined to believe that the 


eyeball response is not evoked by light which is not recognised as visibly 
bright. The fact that a sensitive photographic plate is affected by the 
ultra-violet light coming through the filter whilst the eyeball remains 
unaffected is a striking demonstration of the fundamental difference 
between the chemical nature of the changes in the eyeball reacting 
substances and in such substances as are used in photography. 

It is noteworthy that except in the doubtful case of such ultra- 
violet regions as cause fluorescence, the photo-electric response of the 
frog’s eyeball fails when the ether vibrations which reach it are not 
those which can give rise in our own eyes to changes resulting in 
visual sensation, thus demonstrating that the response is not due to 
those rays which are either solely thermal or solely actinic, but is evoked 
by rays of the quality necessary to produce visual effects in the case of 
our own eyes, 

The similarity in range between the photo-electric response of the 
frog’s eyeball and the visual limits of our own eyes is a point of some 
importance. I am well aware of the gulf which divides the two 
classes of phenomena, for we are dealing in the responses of the frog's 


eyeball with photo-electric effects in an animal whose visual sensations 


must from their nature remain always unknown, whilst as regards our- 
selves it is extremely improbable that the photo-electric responses in 
our own eyes can be ever ascertained with any precision. In spite of 
this gulf the parallelism of range in the two.classes of phenomena is so 
suggestive that it"seems very desirable‘that other aspects of the two 
classes of phenomena should be investigated in such a manner as to 


allow of their comparison; such aspects might well comprise those of 
luminosity, rapid stimulation, fatigue, contrast, etc. Some of these — 


I hope to attempt in future experiments. As far as the present 


investigation has proceeded it has been confined to the determination of 


the time-relations of the photo-electric response evoked by submitting 
the eyeball for a known period to illumination by definite regions of the 
visible spectrum, and the results like those previously described, which 
were obtained with colour filters, show certain constant and definite 
characteristics. These are especially related to the duration of the 


attains, 


period of delay of the response, and the maximal £M.F. to which it 
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In order to indicate the character of the results some different 
experiments will be described in a little detail. 


Exp. (1). The frog’s eyeball was excised and placed in the dark moist 
chamber so that it should be, when desired, illuminated by such light as 
reached it through the small aperture in the lid of the chamber, placed 
_ directly over the cornea of the eyeball. 
| The aperture was about 8 millimetres in diameter and could be arranged 
so that it should lie in any desired part of the spectrum cast by the grating 
- whenever the light was permitted by the fall of the shutters to traverse the 
shutter and reach the chamber ; the particular spectrum used was that of the 
second order of the various grating spectra. 

The eyeball having been kept for 15 minutes in the dark was exposed by 
the travelling of the photographic plate-carrier and the consequent fall of the 
slit shutters to the red end of the spectrum for 1°6 seconds; a distinct 
response occurred, the analysis of the electrometer curve being shown in that 
one of the upper curves of Fig. 7 which is marked by the word “Red.” The 
response begins after a delay of 0-275 second, it reaches a maximum of 
‘00045 volt at 0-8 second. 

A period of five minutes’ darkness was allowed and then the experiment 
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Fig. 7. Plotted curves constructed from electrometer records of eyeball responses to the 
light from the red, green, and violet regions of the spectrum. The upper records are 
selected as fairly typical of the majority of such records ; the lower ones are selected 
to show the most pronounced responses obtained by this means. The duration of the 
illumination is not shown but is indicated in t:- *-°cription given in the text; it 
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was repeated with similar results, During a further period of 5 minutes’ 
darkness the position of the chamber was shifted by a special adjusting screw — 
which could be worked outside the external large dark box; it was ascer- 
tained that the shift would bring the aperture over the eye into the green 
region of the spectrum. The eyeball was then exposed by the passage of the 
pendulum and fall of the shutters guarding the shutter to this green region of 
the spectrum for 2°7 seconds, The analysis of the resulting response is shown 
in the curve marked green in the upper set of Fig. 7. It begins after — 
a period of delay of 0°18 second and reaches a maximum of ‘00045 volt | 
at 0°6 second. After an interval of 5 minutes’ darkness this was 
repeated with similar results. In the next dark interval of 5 minutes the 
chamber was shifted so that the aperture should be in the blue-violet region 
of the spectrum, and then exposed for 2 seconds to this light. The analysis 
of the resulting effect is shown in the upper curve marked violet. It begins — 
after a period of delay of 0-22 second, and attains a maximum of ‘0003 volt 
at 0°6 second. 

The quantity of light traversing the slit was carefully adjusted so as m all 
cases to be equal, so far as could be ascertained by the photometric comparison 
on Lummer-Brodhun’s principle, with the light of the standard candle situated 
at a distance of 76 cms. 


The experiment shows that as senaeile magnitude of response the 
shorter red and the longer green illuminations were equally effective 
stimuli, whilst the longer blue-violet was perceptibly less effective ; it 
also shows definitely that the period of delay of the red response was 
the longest, that of the green response the shortest, whilst that of the 
blue-violet. was longer than the green one but distinctly shorter than 
the red one. It is noteworthy that the delay of the green response is 
quite as short as that of responses produced by white light which were 
described by me in my previous paper in this Journal. 


: Exp, (2). The eyeball was arranged as described in experiment (1), but in 
this case the successive order of illuminations was altered, the first effect being 
now produced by the light of the violet end of the spectrum. The violet light — 
lasted for 2‘2 seconds and an avalysis of the response is given in the curve 
marked violet in the lower group of Fig. 7. The response began after a 
period of delay of 0-22 second and reached the exceptionally high maximum 
of 0004 volt at 0°6 second, the largest as yet observed. After a period of © 
darkness of 6 minutes and the appropriate shifting of the chamber the eye 
was illuminated by the red region of the spectrum: the resulting response is 
shown in the curve marked red in the lower group of Fig. 7. This began 
after a period of delay of 0:28 second, and reached a maximum of 0005. volt 
at 0°6 second. After a similar period of darkness and appropriate shifting 
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of the chamber the eye was illuminated by «green light of quite short 


duration, 0°5 second ; the analysis of the response is shown in the earliest and 
largest of the curves marked green, in the lower group of Fig. 7. It is 
remarkable for its short latency, only 0°16 second, andor its large magnitude 
which in spite of the short duration of the light reached a maximum of 0007 
volt at 0°6 second. The green illumination was repeated 6 minutes later, 
and in this case lasted for 2:3 seconds, it evoked the response of which the 
analysis is shown in the second of the curves marked green in the lower group 
of Fig. 7. It began after a delay of 0-18 second and reached a maximum of 
‘00055 volt at second. 7 


Exp. (3). In this experiment an eyeball was illuminated for longer 


periods of time than in the preceding. ‘The order was as follows: first red for 


6 seconds, then violet for 6 seconds, then green for 5°5 seconds, and finally red 


_ again for 5:5 seconds, periods of 6 minutes’ darkness elapsing between each of 
_ the successive illuminations. All the illuminations evoked responses, but in 


addition the cessation of the illumination was followed in the case of the red_ 
and green light by terminal “dark responses.” The periods of delay of the 
illumination responses were 0°3 in the case of red, 0°28 in the case of violet, 
0:21 in, the case of green, and finally 0-3 again in the case of red. The 
periods of delay of the terminal or “dark responses” were as follows; on the 
cessation of the red illumination 0°18 and 0:2 second, on the cessation of the 
green illumination 0:18 second. _ 


Exp. (4). In this experiment there were the same 6 minute intervals of 


darkness between the successive illuminations, but the duration of the period 


of illumination was more prolonged, being 8 seconds, whilst the order was 
varied, the green illumination being the first, then the violet, and finally the 
red, 


periods of delay were as’follows ; with the green light 0°18 second, with violet 
light 0-26 second ; with red light 0°26 second. The longer duration of the 


. illumination allowed of its being sufficient to ensure that its cessation should 


evoke “dark responses”; those following the cessation of the green and red 
light were very distinct and in each case the period of delay was 0°18 second, 
the dark response following the violet light was feeble and its starting point 
is a little uncertain on the record but the period of delay is certainly not 


_ more than 0-2 second. 


Exp. (5). The order of the successive illuminations in this experiment 


i was first red, then green, and finally violet, the duration of illumination being 


in each case 5:6 seconds and the periods of darkness 8 to 10 minutes. The 


responses obtained admitted of very accurate measurement, the response to red 


commenced after a delay of 0'28 second, that to green after a delay of 02 
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second, and that to violet after a delay of 0:26 second. Feeble responses 
occurred on the cessation of both the red and green illumination, these ‘dark 


responses” both commencing after a delay of 0-2 second ; there was no dark 
response on the cessation of the violet illumination. 


In the foregoing five experiments it will be noted that the order has 
been varied very considerably, the succession being (1) first red, then 
green, then violet; (2) first violet; then red, then green; (3) first red, 
then violet, then green; (4) first green, then violet, then red; (5) first 
red, then green, then violet. All the red responses are characterised by 
their long periods of delay varying from a minimal duration of 
0°26 second to a maximal of 0°3 second. The green responses are all 
characterised by a short period of delay varying from a minimal 
duration of 0°16 second to a maximal of 0°2 second; the violet 
responses show a delay which is intermediate as regards duration 
between those just referred to and shows more variability, having 
a minimal duration of 0°22 second and a maximal of 0°28 second ; 


these results are not perceptibly affected by the order of the successive — 
illuminations. Further in spite of the differences observed in the - 


delay of the illumination responses to red, green, and violet light, the 
“dark responses” occurring when the illumination ceases are all 


characterised by a uniform short delay varying between 018 and 
seconds. 


Expr. (6). Various attempts were made to compare the responses produced | 


by the light from other regions of the spectrum. It was found that on either 
side of the green region the response always tended to resemble in its time- 
relations that evoked by the green light, i.¢, it showed a shortened period of 
delay and an increased magnitude of effect. In the following experiment the 
illuminations were first red, then that of the D line (i.e. red and green mixture), 
then green, and finally blue-green. The red evoked a large response with 
a characteristic long delay of 0°275 second and reaching a maximum of 
"0005 volt; the D line neighbourhood evoked a larger response, having 
a shorter delay of 0°2 second and attaining in 0:8 second a maximum of 
00055 volt; the green evoked a characteristic response, with a short delay 
of 0-18 second and a maximum of ‘0006 volt; the bluegreen evoked one 
with a delay of 0-2, this was of smaller magnitude, attaining a maximum of 
0004 volt at 0°6 second. =, 

It thus appears that on each side of the green region in the so-called 
yellow region and in the blue region, effects are produced which might 
be explicable as due to the undoubted shading off of the green portion 
of the spectrum. 
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The results here brought forward confirm those previously described 
obtained with coloured filters, as regards the long delay of the effect 
which characterises the response to red light and also the high maximum 
which such a response can reach ; they show that the response to the violet 
end of the spectrum resembles that obtained with the blue-violet filter 
in the comparatively low maximum to which it attains and in the 
circumstance that the response has a delay shorter than is obtained 
with red light. In addition to this confirmation the spectrum experi- 
ments bring forward evidence as to the stimulating efficiency of the 
middle green region; the response obtained by this illumination 
resembling both in its short delay and its magnitude that evoked by 
white light. It is possible that the very remarkable similarity in the 
delay, which is from 0°16 to 0°2 second in the case of both green and white 
light, may be a coincidence, but it is more probable that it is based upon 
the identity of the exciting agent in the two cases; in other words, it is 
the green components in mixed white light, using the term in its widest 
sense, which initiate the quick response which this light evokes. It 
might be thought that the luminosity of the green portion of the 
spectrum is the chief agent in producing this more rapid response ; but 
this can hardly be the case since the red region which has a high 
luminosity although it evokes a response of considerable magnitude, is 
especially characterised by always producing one with a long period of 

delay. 
: There are considerable differences as to the maximum of the response 
_ produced by any given light in different samples of eyeball, but the 
following table indicates the maximum attained in a number of different 
specimens. 
| Maximal E.M.F. of Photo-electric Response. 
Red light Green light Violet light 
00035 volt — 00059 volt 00025 volt 
00049 
00045 
00049 
00054 
00055 


00054 
00070 a 


» 


00030 
00018 
00020 
00025 

00024 
00028 

00040 
00027 
00012 

00020 
00011 
00080 
00036 
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The red response varies between ‘00052 and 0003, it averages 
00088 volt; the green response varies between °00067 and ‘00043, 
it averages 00054 volt; the violet response varies between 00040 (an — 
exceptionally large one) and ‘0001, it averages 00024 volt. 

In considering all the evidence afforded by the records of the 
responses of the eyeball of the frog to coloured light, it will be noticed 
(1) that green light evokes a response characterised by comparatively 
short latency, and that this reaches the highest maximum ; (2) that 
red light evokes a response of the same sign but chitsecveelaed by much 


~ longer latency, and that whilst it also reaches a high maximum, it. falls 


a little short of the green effect ; (3) that violet light evokes a response 
of.the same sign characterised by a latency shorter than that caused by 
red but longer than that caused by green, and especially characterised 
by its smaller amount. It will be further noticed that the cessation of — 
adequate ‘illumination causes a response having the same sign as the 
illumination one but characterised by a constant short latency. 

The inference to be drawn from these facts as to the time-relations 
of the responses appears to be that the frog’s eye always reacts to 
stimulation by developing excitatory processes of the same fundamental 
type, but that having regard to the time-relations of these processes we are 
justified in assuming at least four different varieties of change ; (a) the 
change produced by red illumination; (6) the change produced by 
green illumination; (c) the change produced by violet illumination ; 
(d) the change produced by sudden darkness. These four different 
reactions have the same general character but are distinguished either 
by the duration of the period of delay or by the extent of the process as 
judged by the maximal E.M.F. developed. 

If it is permitted to associate these results with the <lkewre 
theories of colour vision, then it is evident that the Young-Helmholtz 
theory which assumes three primary colour reacting substances, red, 
green, violet, is in remarkable accordance with the data just put 
forward. In one respect only are thé photo-electric responses not in 
accord with that theory, for although the responses: appear to show 


_ that there is a substance capable of being stimulated by darkness there 


is no such fourth reacting substance postulated i in the theory. On the | 
other hand this is the only fact which is in any sense applicable to the 
rival theory advanced by Hering, and even this is not in accordance 
with the assumption of Hering that the sensation of black although 
caused by stimulation is brought about by a change of opposite chemical 


type to that produced by white. The photo-electric responses being all 
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of the same fundamental type are not in harmony with the assumption 
that there are three reacting substances, a red-green one, a blue-yellow 
one, and a white-black one, and that the process is of opposite sign (dis- 
sociation or association) in each member, a process of one sign occurring 
with red, blue, or white, whilst that of the opposite sign occurs with 


' green, yellow, or black. 


The evidence furnished by the electrometer records confirms in this 
respect the conclusions arrived at by Waller with reference to the 
character of the retinal currents of the frog’s eye excited by light. In 
the account which he gives of the galvanometric effects produced by 
coloured light he states, “No complementary or antagonistic influence 
as regards retinal response is to be detected in any of these experiments. 
All colours seem to act in the same direction more or less powerfully 
according as they are more or less luminous’.” 

So far therefore as the photo-electric responses in the frog’s eye can 
be justifiably utilised in connexion with the subject of colour vision, it 
would appear that these are in remarkable harmony with the three 
colour theory of Helmholtz as modified by Maxwell, whilst they are 
in direct conflict with the theory advanced by Hering. | 

Burch’ concludes from the results of an elaborate investigation into 
the phenomena of artificial colour-blindness that there are four primary 
colour sensations, red, green, blue, and violet. It is quite possible that 
with sunlight, some evidence of a specific photo-electric response to blue 
may be forthcoming; there is no such distinct evidence in the case of 
the light from an electric arc such as was employed in the present 
research, but as this light is deficient as regards blue when compared 
with sunlight, the negative character of the results at present obtained 
cannot be regarded as conclusive. 

‘The method opens up several fruitful lines for future investigation, 
the most fundamental of these is the relation between the responses _ 
which are produced by monochromatic light of different known lumi- — 
nosities. If satisfactory results can be obtained, and the question of 
submaximal and maximal stimulating efficiency thus determined, then 
it will be possible to apply a drastic test for the purpose of ascertaining 
how far the red, green, and violet responses are due to c in 
different retinal substances. This test is the photo-electric effect caused 
by simultaneous, successive, and superimposed illumination by these 
different colours. ‘If the substances which are affected by red, green, 


1 Waller. Phil. Trans, 193 B. 1900, p. 187. 
Bureh. Phil. Trans. 191 B, 1899, p. 32. 
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and violet light are distinct, then successive maximal responses evoked 
by these primary colours should be superimposed each with its proper 
period of delay, whilst the fatigue produced by prolonged illumination 
with one colour should not seriously affect the capacity of the eye to 
respond to another. These two investigations I hope to be able to carry 


out after the necessary modifications in the existing — have 


been made. 


SUMMARY OF RESULTS AND CONCLUSIONS. 7 

1. Photo-electric responses giving analysable records with the 
capillary electrometer are obtained when the excised eyeball of the frog 
is subjected to the influence of coloured light, whether this light is 

_ obtained by coloured filters or by using definite regions of the spectrum. 


2. Such photo-electric responses fail or become extremely feeble if 


the eyeball is placed in the infra-red or ultra-violet regions of the 
_ spectrum; in the latter case an uncertain factor is involved, that of 
fluorescence, which needs further investigation. 

3. The range of light vibrations within which the frog’s eyeball 

- gives definite photo-electric responses, corresponds very closely to the 
range of vision in the case of our own colour sensations. 

4. The records obtained by the capillary electrometer afford data 
from which the time-relations of the response to any given colour can 
be determined. 

5. All the responses are of the same general type, whether they are 
evoked by white or by coloured light. 

6. An additional response is obtained when the light is suddenly 
replaced by darkness, this is of the same fundamental type as ~ 
illumination response. 

7. There is no evidence of any excitatory process except those of 
the fundamental type; this type shows itself electrically by a difference 
of potential between the fundus and the cornea of such a character that 
a current flows through the eyeball from the former to the latter. 

8. The time-relations of the responses evoked by the various 
coloured lights and by darkness are ‘not identical. The obvious differ- 
ences in this respect are sufficiently distinct as to suggest four responses 
independent as regards their causation. 

9. The four distinct responses are the following : 

(a) The response to red light characterised by a long latency of 

nearly 4; second and by its attaining to a considerable maximum 
averaging about ‘0004 volt. 
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(6) The response to green light characterised by the same short 
latency as that found in the response to white light, ie. less than 2, 
second ; it is also characterised by its magnitude, the maximum reached 
averaging over ‘0005 volt. 

(c) The response to violet light characterised by a latency longer 
than that of the green response but distinctly shorter than that of the 
red one (;4, second). It is also characterised by its low intensity, the 
maximum reached averaging only 00024 volt. 

-_ (d) The response to sudden darkness, characterised by a remark- 
ably constant latency of not more than 4, second, whatever the character 
or quality of the previous illumination ; this response is dependent for 
its production upon the change from previous illumination to the con- 
dition of darkness and varies in magnitude with the duration and 
luminosity of the previous light. It is most readily obtained if the 
previous light has been white, is easily obtained if this has been green 
or red, but is only obtained after violet illumination when this has 
lasted for some time, generally 8 seconds or more. 

10. The results appear to be in accordance with the theory of 
_ Young-Helmholtz as modified by Maxwell, which assumes three 
distinct colour reactions, viz. red, green, and violet. In addition they 
‘appear to indicate that the eye reacts to sudden darkness. 
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ON PROTAGON, CHOLIN AND NEURIN. 
By W. CRAMER. 
(From the Pharmacological Institute, University of Berlin ; and 
from the Physiological Laboratory, University of Edinburgh.) 

Previous Work on Protagon. Soon after Liebreich had isolated 
protagon from brain, its existence as a chemical entity was called in 
question by the work of Diakonow, Hoppe-Seyler and Thudichum, 
while the careful researches of Gamgee on the chemistry of the brain 
together with the investigations of Baumstark, Ruppel and Noll 
have: led to the conclusion that protagon is not a mixture of a 
phosphorus holding and a phosphorus free body, but a definite 
chemical compound. Kossel and Freytag assumed the existence of 
a protagon group in brain, consisting of several substances of close 
chemical relation, which substances, however, have not been isolated. 

Recently Woerner and Thierfelder' have described a substance 


called “cerebron,” which they have isolated from brain. They used 


protagon prepared in the usual way, the analysis of which, however, 
gave results agreeing inter se, but not with the figures obtained by other 
observers. By treating this “protagon” with alcohol containing 
benzene they were able to isolate a crystallisable substance free from 
phosphorus and sulphur. From this fact they drew the conclusion that 
protagon is a mixture. 

This substance, ovine: seems to be identical with a body 


described by Gamgee in his Test-book ¥ Physiological Chemistry of 


the Animal Body’. 
“In addition to protagon and other phosphorized matters, there is 


_ always extracted from brain by alcohol at 45°, a very considerable 


quantity of a body, which the author has called pseudocerebrin. The 
latter is a white pulverulent body, very unlike protagon to the naked 


eye and separating under the microscope in the form of very large 


1 Zeitschr. f. phys. Chem. xxx. p. 542. 1900. 
* London, 1880, 1, p. 441. 
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nodular masses. After repeated recrystallisation from alcohol it was 
found to be practically free from phosphorus (containing only 0-08 */,).” 
_ Both the description of the physical properties and the analysis of 
corebrom and pseudocerebrin agree very se with each other. 
H N 
Pseudocerebrin (Gamgee) 1187.88 
Cerebron (Thierfelder) - 69:16 1154 =1°76 


The conclusions of Woerner and Thierfelder have been cor- 
roborated by Lesem and Gies’. By treating protagon, the analysis of 
which gave figures corresponding to other authors, with dilute alcohol 
for several times, they got substances which differed widely in their 
percentage of phosphorus and in their solubility in alcohol. The 
following table*, given by them, will explain their method and results: 


Percentage of 
A. Freshly precipitated protagon : eo 
(a) From first extract 
(0) From second extract .. .. 0:89 
(c) From third extract 
B. Insoluble protagon (residue) : 
C. Substances in filtrates from the freshly 
precipitated protagon : 
(a) Of first extrat .. .. 259 
(b) Of second extract .. wel 
(c) Of third extract ... tea; 
D. Alcohol-ether washings of the ren 
precipitated protagon 2°02 


The decreasing percentage of in the “ 
protagon” corresponds entirely with the statement of Gamgee regarding | 
pseudocerebrin. We may therefore assume that the “protagon” of 
Lesem and Gies is a mixture of protagon and pseudocerebrin. Indeed, 
the precipitate of the first extract, where the protagon should be purest, 
has a percentage of phosphorus equal to that of protagon. 

It remains to explain how it is that this mixture of a phosphorus 
free and a phosphorus holding substances should on analysis give a 
percentage of phosphorus corresponding with that of protagon, when — 
one would, of course, expect a lower figure. This deficit must have ~ 
been made up by a substance richer in phosphorus than protagon itself. 
This substance is indeed present in Lesem and Gies’ protagon, for in 
_ the filtrate from the freshly precipitated protagon of the first extract 
1 Amer. Journ. of Physiol. vat. p. 188. 1902. 
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and in the alcohol-ether washings we fipd a substance containing a 
higher percentage of phosphorus. 

On Protagon. The fact that so many different observers have been 
able to extract from the brain a substance of uniform composition—the 
protagon—has been explained by Thudichum by the fact that they 
have all endeavoured to observe the same conditions and to avoid any 
very energetic procedure, as for instance, dissolving in boiling alcohol. 

. In order to investigate the question as to the existence of protagon, 
_ I tried to prepare it by a different method. For this purpose I made 

use of the: observation, kindly communicated to me by Professor 
Liebreich, that protagon is coagulated by boiling it with salt 
solutions. The method actually employed was as follows: brains 
freed from the membranes and finely minced were pressed through 
a sieve together with a hot solution of sodium sulphate and then 
heated in the water-bath at 100° C. till the brain substance coagulated, 
and left a clear fluid at the bottom of the flask, which was siphoned 
off. The remaining brain substance was treated with a fresh solution — 
of sodium sulphate once more in the same way. The brain substance, 
freed as much as possible from the salt solution, was then extracted 
in the ywater-bath as before, with 95°/, alcohol for the first time, 
followed by extraction with 85°/, alcohol, till on cooling nothing was 
deposited. The filtrate was cooled to 0°C., then filtered through a 
funnel, cooled with ice-water, and the ‘precipitate recrystallised out of 
boiling 85°/, alcohol. 

In order to free the substance from cholesterin, it was treated with 
ether, at first in the flask and in the cold, till all the alcohol had been | 
removed, then in the Soxhlet apparatus, until the Liebermann- 
_ Burchard reaction for cholesterin gave a negative result. The residue 
was dried in vacuo over P,Q,, twice recrystallised out of boiling 
absolute alcohol and again dried over P,O,. The protagon thus pre- 
pared was a snow-white, pulverulent powder, which did not suffer change 
on exposure to the air. 

The material used was obtained from ox brains. Usually two 
brains were worked up together, giving 5—7 gr. of dry protagon. 

_ Three separate specimens prepared by the above method were 
analysed, and the following 
Cc H P 8 
A, 6637 1082 29 
B. 6625 11:07 
C 66°42 11:06 071 
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PROTAGON, CHOLIN, NEURIN. 
For comparison I put down the figures of other authors. 


Cc H N P 8 
Liebreich? 66°74 11°74 
Gamgee’ 6639 1069 239 1:06 
Baumstark? 66°48 1:02 
Kossel & Freytag‘ 6625 1112 325 O97 O51 
Ruppel® 6629 1075 232 113 0096 


These figures agree very well with each other, except the very high 
percentage of nitrogen in Kossel and Freytag’s protagon. In order 
to ascertain whether the presence of sulphur in protagon could be 
attributed to traces of sodium sulphate, I incinerated some protagon 


and tested the residue with barium chloride... No trace of sulphuric 


acid could be found. 

Gamgee’s formula for protagon was calculated on the assumption 
that no sulphur was present ; if now we take into account the existence 
of sulphur in the molecule, we get the following formula: 

Hare (molecular weight 5778). 
Calculated percentage: 6645 1066 242 107 055 


If heated to 180°C., the substance acquires a yellow colour and 


~ becomes soft ; it melts at 192°5° to an oily brown liquid. The protagon 


is not decomposed by boiling alcohol either absolute or dilute; it is 


scarcely soluble in warm ether. 


_ In one specimen, which was prepared in the same way as the others, 
I got different analytical results with regard to the percentage of 
carbon. 


Cc H N P Ss 
1. (64°73 10°91 
1 


It is probable that this substance is another representative of the 
group of protagons assumed to exist by Kossel, which, in order to 
distinguish them from the protagon usually described and analysed, 


1 Liebig’s Annalen, cxxx1v. p. 29. 1864. 

2 Zeitschr. f. physiol. Chem. ut. p. 260. 1879. 

3 Ibid. rx. p. 145. 1885. 4 Ibid. xvu. p. 431. 1893. 
5 Zeitschr. f. Biologie, xxx. p. 86. 1892, 


PH. XXXI, 


+ 
tei, 
us) 
ra 
4 
| 
q 
D 
2 64°65 16 | 
. 


34 W. CRAMER. 


might well be called Homoprotagons?. On a formula for 
this body, one gets the following result: 


(molecular weight 5810), 


© H N P 
Calculated percentage: 6450 1056 240 106 Off 


This substance differs from protagoi by having 8 atoms of carbon less 
and 8 atoms of oxygen more. This may be explained as follows: If 
one takes off 4 C,H, groups from the protagon molecule, corresponding 
to the difference of 4 molecules of palmitic and 4 molecules of stearic 
acid, and adds 8 molecules of H,O,a substance results of the composition 
described above. 

On Cholin and Neurin. By decomposing protagon with baryta water, — 
Liebreich isolated a base, which he called neurin and which Baeyer 
showed to be identical with cholin or trimethyl-oxethyl-ammonium 
hydroxide. The name neurin is now generally used for the trimethyl- 
vinyl-ammonium hydroxide. 

Since their discovery many inexact statements have been made on 
the chemistry of neurin and cholin: it has been stated that cholin can 
be turned into neurin by boiling with alkalies or acids or by recrystal- 
lising the platinum double salt of cholin. Though the careful researches 
of Gulewitch’ have disproved all these statements, they are still to be 
found in many text-books and from them pass again into the memoirs. 
From my experiments I am able to confirm the work of Gulewitch. 
I have boiled cholin (both the product prepared synthetically and the 
substance obtained from protagon) with concentrated and dilute solutions 
of baryta water without finding any change either in melting point or 
in the composition of its platinum salt, such as would have occurred if 
neurin had been formed. Nor does recrystallising of the cholin platinum 
chloride lead to any change. 

In order to see if any neurin is formed by decomposing protagon 
with baryta water, I have boiled several specimens of protagon with 
baryta water for a varying length of time both in concentrated and in — 
_ dilute solutions. After filtering, the barium was removed by bubbling 
carbonic acid through the warm solution. The watery fluid was then | 
evaporated and the residue extracted with absolute alcohol. After the 
alcohol had been driven off, the extract was carefully neutralised with 

1 A substance belonging to this group has only once been isolated and described by 


Noll (Zeitschr. f. physiol. Chem. xxvu. p. 370. 1899). It contained 67°15 °/, of carbon. 
? Zeitschr. f. physiol. Chem. xxtv. p. 513. 1898, and xxv1. p. 175. 1898. 
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hydrochloric acid and the base precipitated with a solution of platinum 
chloride in absolute alcohol. The base was purified by dissolving the 


_ ‘precipitate in water, passing sulphuretted hydrogen through the boiling 


fluid, and evaporating the filtrate from the platinum sulphide thrown 
down. The residue was dissolved in absolute alcohol, precipitated again 
with platinum chloride and the process described above repeated. The 
cholin hydrochloride thus obtained was dissolved in a little water and 
precipitated with a concentrated solution of gold chloride. The double 
salt of gold was then recrystallised out of hot water. The salt was dried 
at first in vacuo over sulphuric acid, then heated for three hours at 
120°C. Its weight was observed to remain constant. 
If heated rapidly the salt melted at 288—239° C.; if kept at 140— 

150° C. for 24 hours, it was entirely decomposed. 

_ In one specimen a carbon, hydrogen, nitrogen and gold determination 
was made with the following result : 


Calculated for C;H,,NOCI + AuCl, (gold double salt of cholin). 


| H Au N 
Calculated 1354 #316 44°47 3°16 
Found 13°78 3°34 44°43 3°10 


The same specimen was decomposed by sulphuretted hydrogen, the 
cholin hydrochloride isolated' and precipitated as the platinum double 
salt, the platinum percentage of which was found to be 31°24°/,. The 
cholin platinum chloride requires a theoretical percentage of 31°64°/,, 
while the corresponding neurin salt would require 33°60 

In other cases only a gold determination was made and the melting 
point taken: cholin was the only base found. 

The alcoholic filtrates which had been obtained in preparing the 
protagon were evaporated and decomposed with baryta water in the 
way described above. The base was isolated as the gold double salt 


I. 44°22°/, Au. 
II. 44°56°/, Au. 


Here, too, therefore, only cholin was present. 


1 In dissolving the cholin chlorhydrate in absolute alcohol a very small amount. of 
a white organic substance remained undissolved. any : 

2 In a recent communication to this Journal (xxx. p. 149), written in conjunction with 
Swale Vincent, it was stated that a molecular mixture of the neurin and cholin 
platinum chlorides would have @ platinum percentage of 32°08. This was an error; the 
number (32-62) given by Gulewitch is the correct one. 
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I then tried to determine the amount of cholin which could be 
prepared from a given amount of protagon. Out of 10 g. of dry 
protagon 0°85 g. of dry cholin platinum chloride was obtained. This 
_ allows one to draw an inference with regard to the amount of nitrogen 
bound up in the protagon molecule as cholin. As 10 g. of protagon 
- correspond to 0°24 g. N and 0°85 g. of cholin platinum chloride to 
0:04 g. N, 4 or 0°17 of the protagon nitrogen should. be bound up as 
cholin. Takin g into consideration the unavoidable losses, this result 
makes it. very probable that 0°2 (2 atoms) of the protagon nitrogen 
are bound up as cholin. 

There has been hitherto no reaction which odd allow of an easy 
distinction between cholin and neurin, the salts of these two bases being 
so very similar. I have found, however, that the chromate of neurin is 
scarcely soluble in cold water, while the corresponding cholin salt is 
very easily soluble in water. If one adds a concentrated solution of 
chromic acid to a concentrated solution of neurin hydrochloride, 
a yellowish red precipitate is thrown down, which is increased, if 
a few drops of concentrated hydrochloric acid are added. It can be 
recrystallised out of hot water and melts at about 278°C. if heated © 
rapidly. The melting point is, however, not well defined, as the 
substance is partially broken up before melting occurs. If heated slowly, 
it is decomposed suddenly between 140—150° C., giving off a gas in an 
explosive manner. The residue is green oxide of chromium. The 
substance is extremely sensitive to light. 


The salt was analysed by determining the chromic acid j in two ways : 
By incineration. 

(2) By precipitating with mercurous nitrate and heating the 
precipitate in a platinum crucible. 


The results obtained prove the salt to be an acid chromate of neurin 
with one molecule of water of crystallisation. 


Calculated for C;H,,NO + CrO, + H,O 23°53 JF Cr. 
Found by incineration = 23°68 °/, Cr. 
By mercurous nitrate method 23°84 °/, Cr. 


I have not isolated the cholin chromate. 
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CONCLUSIONS. 


1. The reasons brought forward by Woerner and Thierfelder 
and by Lesem and Gies against the chemical individuality of protagon 
are not conclusive. The fact that a substance of the composition of 
protagon can be prepared from brain by a new method under conditions 
differing from those usually employed is evidence against the assump- 
tion that protagon is a mixture. : 

2. In one case a substance very much like protagon, but differing 
slightly in its percentage of carbon and oxygen has been isolated. ) 

3. Pure protagon is not decomposed by warm ether or boiling 
absolute alcohol. By the decomposition of protagon with baryta water 
cholin is the only base formed. { of the nitrogen present in protagon is 
bound up as cholin. as 

4. Cholin and neurin can be easily distinguished by means of their 
chromates. | 

In conclusion, I beg to express my thanks to Prof. Liebreich for 
his kindness in placing the resources of his laboratory at my disposal, 
and for advice during the course of the work. — 
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THE FUNCTION OF THE HYALOID CANAL AND 
SOME OTHER NEW POINTS IN THE MECHANISM 
OF THE ACCOMMODATION OF THE EYE FOR 
DISTANCE. By T.P. ANDERSON STUART, MD., LL:D., 
Professor of Physiology in the University of Sydney. (Nine 
— in Text.) 


For the purposes of this paper I do not require to discuss the question 
of the form assumed by the lens during positive accommodation, whether 
its surfaces remain more-or less spherical or become markedly conical. 
I start from the fact, first shown by Helmholtz, that during positive 
accommodation the suspensory ligament of the lens is slackened’. 

If the ox eye be left to spontaneously decompose, as was described 
by Aeby in 1882, but independently demonstrated by me and used 
in my practical classes since 1885, and if the mass which escapes from 
the opened sclerotic and choroid, viz. the vitreus, suspensory ligament, 
and lens in its capsule, all in an united mass, the “eye-nucleus,” be 
washed, stained and examined, no detachment of the suspensory liga- 
ment from the vitreus during the necessary manipulations is ever 
seen : this is a union of the greatest firmness, and all this is in favour 
of the views of those authors who, like Salzmann (quoted very fully in 
Merkel and Bonnet’s Ergebnisse, 1900), make the zonula arise out of 
the vitreous substance, with a true interlacement of the zonular and 
vitreous fibrille, If the account given by G. Retzius? is correct, 
the hyaloid of the vitreus passes on to the pars ciliaris retine. In 
that case these fibrils of the suspensory ligament would be attached 
partly to the deep face of the hyaloid in this region, but partly also to 
the very substance of the vitreus, springing out of it near the ora 
serrata. We have in this connection the reason why a shrinking vitreus 
readily separates from the retina, except at the ora serrata. In any case, 
however, there is this very firm union of the suspensory ligament to the 


1 On this point see Article by Lovén, Ergebnisse der Physiol., 1903. Also Grossmann, 
Brit. Med. Journ., Sept. 26, 1908. My own work supports tit He conclusions. | 
2 Biologische Untersuchungen, 1894. 


a 
x 
a 
fi 
c 
x 
q 
> 
& 


HYALOID CANAL AND ACCOMMODATION. 39 


vitreus, and that is my main point in the meantime. This also is no — 
mere superficial union, for the deep surface of the hyaloid is here 
attached to a very complete and well-marked network of fibrous mem- 
. branes, which pass into the vitreous substance in a ring in the anterior 
and outer part of the vitreous body. These membranes have been 
described by various authors, but I cannot find that any distinct office 
has been assigned to them. A rough dissection of the vitreus, as by 
squeezing it between the finger and thumb, suffices to show the existence 
of this ring of fibrous membranes, and their general arrangement in 
sections may be seen even by the naked eye (Figs. 1 and 2). They 
form a complicated network, densest immediately under the hyaloid, and | 
are gradually lost as they pass inwards and ‘backwards. The interstices 
are filled with the vitreous substance, and the membranes themselves, 
described by Retzius as condensations of the proper vitreous fibrils, 
look like white fibrous tissue, and this may in part at least account for 
the gelatine obtained from the vitreus by boiling. : 


Fig. 1. Photograph of horizontal section of human eye, x 8} : celloidin. Shows ring of 
fibrous membranes in the antero-external region of the vitreus. 
Fig. 2. Photograph of fibrous membranes in the vitreus, x 18 : celloidin. Same section 


as Fig. 1. hyaloid. 


| If in an eye-nucleus the suspensory ligament be divided nearly all 

the way round the lens, and if the preparation be now held up by the 
lens, the whole weight of the mass is supported by the band of un- 
divided suspensory ligament. Further, this band may support in 
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addition a considerable amount of traction before it ruptures, even in 
the more or less decomposed eye. Thus I found that a band 1 mm. 
wide in such decomposed ox eyes sustained on an average no less than © 
12-grammes. It is clear therefore that the fibres of the suspensory 
ligament by which it is attached to the vitreous body are fairly strong. 
But these vitreous fibres must be attached to a structure at least as 

strong as themselves: if attached to the hyaloid only, this membrane 


Fig. 3. Ox eye-nucleus, showing the tufts of the ciliary fibres on the suspensory ligament. 
Fig. 4. Ox eye-nucleus, with the patellar membrane punctured and raised on a blunt hook. 


Fig. 5. Ox eye-nucleus, compressed to project the thin central portion of the patellar 
membrane, through » puneture in which a pimple of vitreous substance projects. 
The thick resistant marginal portion behind the canal of Petit is seen too. 
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| by itself would not stand the strain, but the hyaloid having attached se | 


its deep surface in the ciliary zone the membranes of the vitreus, and 
these being embedded in the vitreous substance, like the roots of a plant 
in the ground, the pull of the vitreous fibres of the suspensory ligament— 
how this is produced will be afterwards described—is distributed over a 
large part of the vitreous body itself, especially in its antero-peripheral 
zone, and so the hyaloid is shielded. 

In the eye-nucleus the surface of the suspensory ligament may with 
the naked eye, still better with a hand-lens, be seen to have on its 
surface a circle of tufts of an elongated form and converging towards 
the optic axis (Fig. 3). These tufts in unstained preparations are like 
cotton-wool in appearance, and are made up of the networks of fine 
fibrils which constitute the attachment of the suspensory ligament to 
the ciliary bodies, the tufts having come out of the valleys between the 
bodies. Behind the tufts is a band of fibrils which is not raised into 
tufts—this corresponds to the orbiculus ciliaris. The diagram (Fig. 6) 


vit 
Fig. 6. Scheme of the three parts of the suspensory ligament, viz. the vitreous attached 
to the vitreous body, the ciliary attached to the orbiculus ciliaris and ciliary processes, 
and the capsular made up of the vitreous and ciliary and attached to the lens capsule. 


shows the three portions out of which the ligamentum suspensorium 
may thus be regarded as being built up, and the name of each is chosen 
according to its immediate attachment. 

For the better understanding of the subject I have found it profit- 
able to make a model (Fig. 7) of the parts thus: nail one end of 
a flattened rubber band about 4 inches long to a board; tie the two 
sides of the band firmly together about their middle; cut the free end 
and after stretching it to a moderate extent nail one of the cut ends to 
the board. The band is thus stretched between the double end and 
one of the single ones and one end is free. The whole represents the 
suspensory ligament; the double piece represents the part attached to 
the lens capsule, the capsular portion: the single end nailed down 
represents the portion, of the ligament attached to the vitreus; the 
free end grasped between finger and thumb represents the portion 
attached to the ciliary bodies, &c.; pulling this last portion outwards — 


4 
> 
if ‘ 
pr 
if 
& 
4 
q 
oM 


49 P. A. STUART. 


and letting it recoil inwards obviously represents the effect of the 
relaxation and contraction of the ciliary muscle. It will be seen that 


capsuler 


NY Ciliary | 
“Vitreous fs 


J. Shewan, Del. 


‘ 


Fig. 7. Model of the three parts of the suspensory ligament. 


as the capsular portion of the suspensory ligament is tensed, by tensing 
the ciliary portion, the vitreous portion is affected in just the opposite 
sense. Briefly the tension of the vitreous portion is necessarily varied 
_ during accommodation. In positive accommodation the vitreous portion 
will be dragged forwards and inwards by the capsular and thus its 
tension increased. It is true that the tremor of the lens during 
extreme positive accommodation, and during the action of eserin, shows 
that even when the vitreous fibres are most tense that tension is not 
great. At the same time, excepting the adhesion of the posterior layer 
of the lens-capsule to the patellar vitreous membrane, the tension of these 
fibres all round the lens is the only force which there is to maintain 
the lens in its place during the slackening of the suspensory ligament, 
so that it probably has some value. And that the vitreous fibres may 
be considerably tensed may be argued from their strength as detailed 
above, for the strength of a ligament in the body is proportioned to 
the strain which it may have to bear. 

The functions of these two portions of the suspensory ligament are 
entirely different, the ciliary portion virtually is the tendon of the ciliary 
muscle and permits movement, while the vitreous portion, playing the 
part of a ligament, limits movement. The mere facts that the vitreous 
fibres are the sole means, excepting the before-mentioned adhesion of 
the lens-capsule to the patellar membrane, by which the lens is held in its _ 
place in extreme positive accommodation, during the action of eserin and 
in the eye-nucleus, demonstrate this ligamentous function. The need for 
some arrangement of this nature has indeed been generally recognised, 
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and the office is assigned to the ciliary fibres alone, but the study of the 
conditions in the eye-nucleus simplifies the whole subject, it just divides 
it by 2, and we study the vitreous apart from the ciliary fibres. 

When the ciliary muscle contracts, it admittedly (most authors) 
slackens the ciliary part of the suspensory ligament, and thus permits 
the lens to bulge forwards, but at the same time it stretches the choroid 
and thus the name tensor choroideew given to the muscle. When it 
relaxes, it is the recoil of the choroid that pulls the ciliary part of 
the ligament backwards. This movement of the choroid was demon- 
- strated experimentally by Hensen and Vélckers. There is thus a 
perpetual struggle between the elasticity of the lens in its capsule 
and that of the choroid, and it is the ciliary muscle which introduces 
the variable vital factor, and gives the one or the other the upper hand: 
the pull of the choroid is more powerful than that of the unaided lens 
in its capsule, as is seen in negative accommodation. The perichoroidal 
lymph-space permits this movement of the choroid. One of the diffi- 
culties in accepting the Helmholtz theory has been to explain how 
negative accommodation, due to the relaxation of a muscle, is more 
quickly performed than the act of positive accommodation, due to its 
contraction. But it is obvious that negative accommodation is not 
carried out by the relaxation of the muscle—it is caused by the elastic 
recoil of the choroid, and therefore, being an elastic recoil, is quick. 

Another difficulty has been the action of the circular fibres of the 
ciliary muscle. The radiating fibres slacken the suspensory ligament by 
pulling forwards its external attachment, but do not the circular fibres 
produce precisely the same effect by constricting the mouth of the 
choroid cup to which the suspensory ligament is attached externally? . 
The ultimate effect of both parts is thus the same. Why then should 
there be two parts? The reason is, I believe, as follows: each portion of 
the radiating fibres is attached to its origin anteriorly more or less 
independently of the other parts, so that each part may act more or 
less independently of the others, and, if independently, then more or less 
irregularly, so that in the normal lens if radial fibres alone were present 
more or less irregularity of curvature would almost certainly arise and, 
therefore, dioptric imperfection. Where the greatest effort is required, as 
in hypermetropes, there the greatest development of these radial fibres 
is admittedly found. But here also is found the greatest development 
of the cirenlar fibres—why? The circular fibres having no fixed point 
of origin external to their own circle must necessarily act more evenly 
than the radial fibres—any uneven action is immediately passed on 
around the circle. But it is just where the greatest efforts are made 
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that the greatest irregularities are most likely to occur, and thus in 
hypermetropes these fibres also ure most highly developed for the double — 
office of helping the radial fibres in slackening the ligament and of 
steadying the action of the radial fibres. Che 

The Canal of Stilling. When the eye-nucleus has been stained as 


_ I have described, there is generally no difficulty in seeing the posterior 


opening or;openings of the canal, for the stain has probably penetrated 
some little way into the canal and has stained the membrane lining it. 
To merely shake the eye-nucleus in the stain will most likely cause the 
stain to enter, so that direct injection is unnecessary, especially if the 
suspensory ligament has been cut, for then the vitreus is quite flaccid, 
the pull of the vitreous fibres of the ligament having ceased, and so the 
stain readily enters. - That it is the tension of the suspensory ligament 


_ which keeps the stain out of the canal is beautifully shown hy the following 


experiment. When the posterior opening has been disclosed by the 
stain, the eye-nucleus meanwhile floating in water, it is easy to introduce 
a pipette and so inject picrocarmine or aniline dye solutions under 
pressure, the pipette being of a size to plug the canal and the pressure 
being exerted through a rubber tube from the mouth of the operator. 
Every time pressure is exerted the canal is filled, but, if the suspensory 
ligament is intact, so soon as the pressure is relieved the canal is more 
or less emptied again, while if the suspensory ligament had been severed 


and the vitreus had therefore become flaccid, it is much easier to fill the 


canal, and once filled it remains filled much more completely than when 
the ligament was intact. It is manifest that the intact ligament had 
maintained a tension of compression in the anterior part of the vitreus, 
which compressed the anterior part of the canal as soon as the pressure 
from the mouth was relieved, and so the stain was driven out. One can 
thus keep up a sort of flow and ebb of the injection fluid, which is 
alternately forced in by the pressure of the mouth and forced out by the 
pressure of the vitreus. The distended canal is sometimes seen to be 
bifurcate in front, not far from the back of the lens, a vestige of the 
dividing capsulo-pupillary vessels, but I have never found it in the ox 
eye to open in front through the floor of the fossa patellaris, which is 
always lined by the membrane described in a former paper and then 
described by Retzius as the boundary layer (Grenzschicht), composed of 
a condensation of the same fibrils as form the basis of the vitreus itself, 


_ and similar to the membrane lining the canal of Stilling. If, for 


instance, we take the figure of the horizontal section of the eye in 
Quain's Anatomy, 10th ed., fig. 45, “ Organs of Senses,” we see the canal 
put in with a broken line and ending anteriorly in a funnel-like 
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dilatation behind the middle of the lens. This certainly does not spply 
to the ox eye, in which as I have said the canal never opens in front in 
the patellar fossa, so that in the ox the capsule of the lens is not bathed 
by the lymph of the canal of Stilling, nor is it in contact with the 
vitreous tissue proper. Between the lymph of the canal and the capsule 
_ of the lens there is always at least the patellar membrane and generally 
also some vitreous substance, and Henle, for instance, says that it ends 
blindly. It is easy to demonstrate the membrane over the whole of the 
floor of the patellar fossa and canal of Petit, Figs. 4 and 5. It can be 
punctured and lifted up quite easily in the fresh eye, Fig. 4. The edge 
of the puncture is sharp and the under surface of the raised portion is . 
clean and well defined. Dissected off and tied over the end of a burette 
it supports a very considerable column of water, and I have mounted 
specimens in the museum that are in perfect order after some ten years. 
It is the presence of this membrane which permits removal of the lens 
in its capsule intact without prolapse of the vitreous substance. Where 
it lies free’ behind the canal of Petit this membrane has a thickened 
margin; Fig. 5, but where it is supported by its contact with the lens- 
_ capsule, a contact which it never leaves, it is thin, but everywhere over 
the fossa it is invariably present in the ox eye. 

These observations have, I think, an important bearing npon our 
ideas as to the more intimate mechanism of accommodation. Essentially 
they confirm the teaching of He] mholt z, but they also extend his theory 
in an important particular, by giving a clue to what is probably a most. 
important part of the act of accommodation, and, so far as I can learn, 
this clue, the function of the hyaloid canal, is new. Although the 
vitreous portion of the suspensory ligament has in itself no mechanism 
by which its tension can be altered, yet, being, through the capsular 
portion, joined to the ciliary portion, which is altered, the tension of the © 
vitreous portion is thereby altered too. Further it is manifest that the 
varying strain of the vitreous fibres must be handed on still farther, viz. 
to the vitreous body itself. When the ciliary muscle contracts to — 
slacken the suspensory fibres and thus permit the lens to bulge forwards, 
the lens-capsule pulls forwards the capsular portion of the ligament and 
through it the vitreous portion, and so through it again the ciliary zone | 
of the vitreous body is pulled forwards and inwards. The anterior and 
central part of the vitreus is therefore more or less compressed, and the 
lymph of the canal of Stilling is squeezed out of the anterior part of 
the canal into the posterior part. But the movement which compresses 
the anterior part of the vitreus necessarily expands the posterior part 
of the canal. Thus the lymph is partly squeezed out of the anterior 
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part and partly is sucked into the posterior part of the canal, widened 
to receive it, Conversely—when the ciliary fibres are tensed by the 
recoil of the choroid and the lens is flattened in negative accommodation 
‘the capsular portion of the suspensory ligament is pulled backwards 
and the\vitreous part is slackened, permitting the ciliary zone of the 
vitreus to recede outwards and backwards, thus relatively dilating the 
anterior part of the canal, restoring it to its previous calibre, and 
compressing the posterior part. The function of the canal is thus to 


"as 


a 


Cam. Sty, 
Fig. 8. Diagram of negative acoommodation. a so 


provide an adjustable reservoir of mobile liquid, which may be easily and 
rapidly displaced backwards in positive accommodation, forwards in 
negative accommodation. These movements are shown in diagrammatic 
form in Figs. 8 and 9. It need scarcely, perhaps, be pointed out that 
since the vitreous substance could not adjust itself readily to the 
pressure changes, some such mobile part is indispensable. The change 
in the position of the vitreous substance is propagated through the 
substance itself deeply: it is not a change merely travelling along the 
surface. My grounds for saying this are that the membrane lining the 
- fossa patellaris is in the fresh eye invariably found adherent to the 
posterior capsule of the lens, and it is clear that, owing to this adhesion, 
there can be no actual movement of this portion of the surface of the 
vitreus on the capsule of the lens. 
Hensen and Vélckers found that in accommodation the retina 
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moved with the choroid and therefore forwards in positive accommoda- 
tion. This is just the direction in which I describe the vitreus to move, 


7 Fig. 9. Diagram of positive accommodation : 


Cap. s., capsular portion of ligt. suspensorium. 

Cil, s., ciliary fibres of ligt. suspensorium. 

Vit. s., vitreous fibres of ligt. suspensorium. 

C.m., circular fibres of ciliary muscle. 

R.m., radial fibres of ciliary muscle. 3 
M.p., membrane lining the patellar fossa and back of canal of Petit. 
Vit. frs., fibrous membranes in the vitreus. 


and so the friction of the hvaloid on the inner face of the inner limiting 
membrane of the retina is diminished, for rubbing only occurs if there 
is a difference in the’ movements of the retina and the vitreus. But 


_ the smooth hyaloid would easily glide on the smooth inner limiting 


membrane, and the fact that the posterior end of the ‘canal is some 
distance away from the yellow spot would tend to diminish any possible 
mechanical disturbance of the latter. The foregoing account of the 
mechanism of accommodation would also account for the rise of pressure 
which caused the protrusion of vitreous substance through a puncture 
of the sclerotic and choroid during positive accommodation as noted by 
Hensen and Vélckers. It is obvious that the effect of these changes 
in the vitreus is to avoid internal strains in the vitreus and its con- 
nections. 

This subject seems to me to be interesting considered from the point 
of view of evolution, for the possession of a distinct function by the 
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hyaloid canal would account for its long persistence as a vestige. Since 
the disappearance of the hyaloid blood vessels necessarily precedes the 
usefulness of the eye, the vessels probably disappeared, giving place to 
the canal, very early in phylogeny. One would think that there had, 
therefore, been ample time for the disappearance of the canal if it had 
been useless, That it persists argues for its having a use: its having 
a use has led to its persistence. And its ontogeny is what its phylogeny 
has been. In the foetus the eye is not used—here the vessels are, but 
before the eye is used they disappear, giving place to the canal. 


SUMMARY AND ONCLUSIONS. 


A great distinction should be made between the functions of the — 
fibres of the suspensory ligament which are attached to the ciliary 
bodies, &., and the functions of those attached to the vitreous body. 
The former are virtually the tendon of the ciliary muscle; the latter 
are ligamentous in function, and (excepting the adhesion of its capsule to 
the membrane of the fossa patellaris) are the only means by which the 
lens is maintained in its place in the fossa patellaris during extreme 
positive accommodation, during eserinization, and in the eye-nucleus. 

The tension of the vitreous fibres of the suspensory ligament is 
varied by varying tension of the capsular portion, which is directly 
under the control of the ciliary portion. This variation of the tension of 
the vitreous fibres is communicated to the antero-external zone of the 
vitreus, which is dragged forwards and inwards in positive accommodation : 
thus the lymph in. the anterior end of ‘the hyaloid canal is by com- 
pression emptied into the posterior end which by the same movemertt is 
widened. Conversely in negative accommodation the stretched choroid 
now recoils, pulls backwards and outwards the ciliary and capsular 
portions of the ligament, and so slackens the vitreous fibres that the 
antero-external zone of the vitreus recoils, the posterior end of the canal 
is compressed, and the anterior end widened to its previous calibre. 
The contents of the canal are thus a mobile liquid easily displaced to 
compensate for the movements of the non-liquid vitreus. In this way 
internal strains in the vitreus are prevented. 

The possession of a distinct function by the hyaloid canal would 
account for its long persistence as a vestige, for the blood vessels 
probably disappeared, giving place to the canal, very early in phylogeny, 
so that there has been ample time for the ideale of the canal if 
it bad been useless. 
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CONTRIBUTION TO THE PHYSIOLOGY OF THE 
THYMUS. By D. NOEL PATON anp ALEXANDER 
GOODALL, (One Figure in Text.) 


(From the Laboratory of the Royal College of Physicians, nee 


Historical, We shall here deal exclusively with observations on the — 
physiology of the thymus in mammals, and shall omit all considerations 
of the work done upon its structure, 

As early as 1777 Hewson demonstrated the existence of nuclei in 
the juice of the thymus, and developed the theory that they are carried 
_ by -the lymph stream to the blood and so to the spleen, which organ 
“ makes the vesicle that surrounds them” and changes them into red 
cells of the blood. 

_ Sir Astley Cooper in his Anatomy of the Thymus Gland (London, 
1882), suggested it as probable “that the gland is designed to prepare 
a fluid well fitted for foetal growth and nourishment from the blood of 
the mother before the birth of the foetus.” 

John Simon' came to the conclusion that the thymus “fulfils its 
use as @ sinking-fund of nourishment in the service of respiration.” By 
“respiration” he means metabolism, and he believed that it discharges — 
this function by producing a fluid secretion in early life and later 
forming fat. 

Friedleben’ showed that in man there are very large variations in 
the size of the thymus in different individuals of the same age and 
condition, but that on taking averages the size of the organ in relation- 
ship to the rest of the body reaches its maximum at the time of birth, 
but that it may go on increasing in actual weight till about the 14th 
year, The fall of weight in relationship to the body weight does not 
become sharp till after the second year, while the fall in total weight 
becomes marked only after the 25th year. 


1 A: Physiological Essay on the Thymus Gland. London, 1845. 
2 Die Physiologie der Thymus-driise, 1858. 
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In the domestic animals he found that the maximum size of the 
thymus as regards the body weight is reached at the following ages :— 


Pig ... 1 to 2 days after birth 
Ge... 
Dog... 18 , 


ete: an insufficient and not very carefully. planned series of 
experiments on dogs he concluded that a rich mixed diet increases the 
size of the thymus, that feeding with butter increases the fat of the 
thymus, but that a continuation leads to its diminution in size, while 
a continued starchy diet also ultimately decreases it; and that fasting — 
also causes a diminution. In fact the general result of his chapters — 
on the Influence of Diet and on the Thymus in relationship to disease 

is that in imperfect nutrition the size of the thymus i is decreased. 

The most important part of his treatise is that recording ‘his ex- 
periments on the effects of removal of the thymus from young dogs 
and kids. After referring to Restelli’s very unsuccessful series of 
attempted removal published in 1845 he describes the twenty opera- 
tions performed by him on dogs and the three on kids, From the 
account of his experiments it is evident that no precautions against 
sepsis were taken, and many of the results recorded are — due 
4o the suppuration which supervened. 

His general conclusions are :— 

1, That no dog died of removal of the thymus. 

2. That removal of the spleen in young dogs does not influence 
the course of life. 

3. That simultaneous removal of the thymus and spleen causes 
a marked deterioration of blood formation and leads to death. 

He described a diminution in the number of red cells and an 
increase in the white cells of the blood, which may very well have been 
_ due to sepsis. The changes in the urine also seem to point to the 
influence of a septic process. He also recorded a decrease in the ex- 
cretion of CO, and a slowing in the process of bone formation—changes 
which might also be due to suppuration. 

The most recent and elaborate monograph on the thymus is by 


Ghika'. He records experiments on eight cats and thirteen rabbits in 
which he removed the thymus. 


1 Ktude sur le thymus, Paris, 1901. | 
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His conclusions are :_(1) That the thymus is primarily a haemopoietic 
organ. That it forms leucocytes, but probably plays no part in the 
formation of erythrocytes. (2) That the thymus is a gland with an 
internal secretion, which favours nutrition and growth and may be at 
the same time excito-motor, excito-cardiac, vaso-dilator, etc. He con- 
cludes by giving a most excellent bibliography. 


_ I, Animals used. The chief obstacle to the investigation of the 
functions of the thymus is the difficulty of its removal on account of the 
situation of part of it, in most animals, in the thorax. We were for- 
tunate enough to begin our investigations upon guinea-pigs and we 
found that in these animals the structure is entirely cervical. It 
consists of two flattened elliptical lobes lying on each side of the 
trachea at its junction with the larynx, the blood vessels entering each 
lobe chiefly at its anterior part. It is thus easy to isolate the 
thymus, to ligature the blood vessels, and to remove the structure 
without any serious operation and without in any way interfering with 
other organs. | | | 

_ In this investigation D. Noél Paton is responsible for the opera- 
tions and for the weighings of guinea-pigs and thymus glands, while 
A. Goodall undertook the various blood examinations. 


II. Period of functional activity. Since the thymus is a structure 
which undergoes atrophy and ceases to be functionally active at a com- 
paratively early period of life, it was essential, in studying its mode of 
action, to experiment upon animals at a period of life when the 
gland was still active. For this reason it was first necessary to study 
the rate of growth and decay of the organ in the guinea-pig. 

As it was impossible to have accurate information of the age of all 
_ the guinea-pigs examined, it seemed desirable to ascertain the rate of 
growth and the approximate weights of the animals at different ages 
as in this way the age might be roughly deduced from the weight. 


i. Rate of growth of guinea-pigs. We found that the average weight 
of 17 guinea-pigs at the time of birth was 80 grms,—the smallest 57, 
the largest 120 grms. 

The average weight of 5 guinea-pigs at the age of 14 days was 125 
grms., the smallest 100, the largest 190, and of 4 at the end of a month 
180 grms., the smallest 130, the largest 220 grms. 

The average time taken by guinea-pigs to increase from 200 grms. 
to 300 grms. is ronghly 1 month, and to reach 500 grms. 3 months. It 

4—2 


- 
val 
777 
of 
4 
a 
| 
=, 
4 


52 D. N. PATON AND A. GOODALL. 


- thus takes about four months for a guinea-pig to attain a size * 500 
—_ and it may be taken that a guinea-pig of— 


200 grms. is something over a month in age. 


300 » 2month , 
400 ” : ” ” 3 »” ” 
500 ” ” 4 


These figures indicate a somewhat less rapid growth than that 
observed by Livon'’. He gives the average weight of five guinea-pigs at 
birth as 74 grms., at the end of fourteen days as 164, at one month 248, 
at two months 388, at three months 488, and at four months 584 grms. 

ii. Weight of thymus at different ages. We have weighed the 
thymus in 64 guitea-pigs of different ages varying in weight from 40 
grms. to 570 grms., and we have calculated this as per unit of weight of 
guinea-pig—per 100 grms. 

We find the most enormous variations in the weight of the gland at 
all ages, as is shown in the subjoined tables, but it is interesting to note 
that in animals of the same litter the gland is generally about the same 
size per unit of body weight. Table IIT gives the weight of guinea-pig 
and weight of thymus of three litters examined by us. 


Tas.E I, 
of different sizes. 


Below 100 101 to 200 201 to 300 801 to 400 Above 400 
grms. germs. germs. grms. grms. 
‘17 40 12 18 
18 26 8625 81 14 
“20 68 14 81 29 27 
“21 29 61 -20 
"85 ‘19 #23 16 
25 29 27 18 
16 18 °82 11 
07 2 8618 80 
“29 17 20 
‘12 25 08 18 
09 20 20 
06 24 
2 09. 
| 
Average 19 22 25 18 18 


1 Richet’s Dictionnaire de Physiol. i. p. 901. 1908. 
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Tasue Il. Weight of Thymus in grms. of guinea-pigs of different 
sizes expressed as per 100 grms. of animal. 
Weight of Thymus ‘15 24 25 40 21 08 03 08 
*67 “31 08 ‘18 10 18 09 02 
16 "36 13 29 12 14 06 
67 14 04 13 14 08 
‘ll ‘17 10 05 "08 
04 ‘10 138 06 
05 20 05 
06 14 18 
08 06 
‘10 19 
Average 8 #6 16 10 68 
TasLe IIT. Weight of guinea-pig and of Thymus actual and 
per 100 grms. of guinea-pig in several separate litters. 
Weight of Thymus Weight of Thymus 
Exp. Actual Per 100 grms. Exp. Actual Per 100 grms. 
I. 180 88 21 IV. 60 *158 20 
180 *43 24 47 076 "16 
180 "42 23 
Il. 212 06 V. 43 *67 
173 88 87 
1722 
170 267 “15 
41 1180s 28 
40 8 


* On taking the averages of the second table it is apparent that the 
weight of thymus per unit of weight of animal falls sharply at birth and 
then remains constant for about 2 months—till the animal has reached 
a weight of something over 300 grms. 

The average of the actual weighings of the thymus in guinea-pigs of 
different sizes shows that the organ increases in size till the animal 
reaches a weight of over 300 grms., after which atrophy manifests itself 
in diminishing size. 

Histologically too the thymus shows no appearance of degeneration 
during these first two months, and we have therefore concluded that the 
organ may be considered as functionally active during this period, and 
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have selected for our experiments for the most part guinea-pigs varying 
in age from a few hours after birth to two months, and in size from 70 
grms. to about 250 grms. 

It is of interest to observe that at about the age of two months 
the animal reaches sexual maturity. A. Alezais' gives a table of the 
weight of the testes at different ages, showing that in animals between 
50 and 200 grms. the testes weigh ‘03 per 100 grms. of guinea-pig, 
while between 200 and 300 they increase to 064, and between 300 and 
400 to *200, i.¢.,at the age of about 2 or 3 months. In the same volume 
(p. 929) C. H. Livon on the authority of Henocque gives two months 
as the age at which guinea-pigs become capable of reproduction, 
although it is not till the end of three months that they become really 
sexually mature. 

We have not specially studied on any large series the question of 
whether sex has any influence on the size of the thymus, but the 


_ following observations made on a batch of young guinea-pigs does not 


indicate that such an influence exists. 
Males Females 


Thymus Thymus. 
Weight Actual Per 100 grms. Weight Actual Per 100 grms. 
212 0°135 0°06 180 01 0°055 
172 0-075 0°04. 267 0-2 0-075 
172 0-09 0-05 197 0-09 0°045 
Average 0°05 | Average 0°058 


I. INFLUENCE OF THE REMOVAL OF THE THYMUS UPON GROWTH. 


We find that removal of the thymus, even on the day of birth, has 


no effect on the rate of growth of guinea-pigs. This is illustrated by 
the following observations. | 


Exp. 1. Two guinea-pigs were born on 1st May. A weighed 78 grms. and B 57 grms. 
The thymus of 4 was at once removed. It weighed grms.= 0-23 per 100 grms. 


Weight in grms. 

Date B 
1, v. 738 57 
9. vi. 150 180 
7. vii. 165 190 


They were then injected with streptococci, of which 4 died, but B lived till 27. vii., when 
germs. 


In Bichet’s Dictionnaire de Physiol. 1. 1. p. 886. 
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_ Exp. 2. On 22nd November the thymus was removed from two guinea-pigs, weighing | 
respectively 285 and 217 grms., while a check weighing 280 grms. was kept beside them. 


Weight 
Date. 
22. xi. 02 235 217 230 
30. xii. 02 260, 270 270 
10. iii. 03 370 880 895 
21. iv. 03 510 500 “490 . 
12. v. 03 550 575 520 


II. INFLUENCE OF REMOVAL OF THE THYMUS UPON THE BLOOD. 


Friedleben appears to have been the only observer who has in- 
vestigated the changes in the blood cells produced by removal of the 
thymus. He describes a decrease in the erythrocytes and an increase 
in the leucocytes. With the absence of aseptic precautions under which 
his experiments were performed, these changes must be referred rather 
to the sepsis induced than to the removal of the organ. 

In our observations the erythrocytes and leucocytes were counted 
with the Thoma-Zeiss instrument. The hemoglobin was estimated — 
with Oliver’s hemoglobinometer. Dry blood films were fixed in 
formol-alcohol, and stained usually with eosine and methylene blue 
or Ehrlich’s triple stain. 


A. Normal Blood. 


1. Erythrocytes. About these there is nothing special to be observed. 

2. Leucocytes, We find that the number and character of the 
leucocytes in guinea-pigs’ blood vary very greatly in different animals 
and in the same animal at different times. As age advances the 
number of leucocytes increases, as is shown by the following table. 


ingrms. per c.mmi. Weight Leucocytes Weight Leucocytes Weight  Leucocytes 
110 7400 230 8400 320 11200 450 8800 
140 11640 230 8000 325 8200 460 15400 
150 8000 260 6400 335 6600 #480 5800 
166 12400 285 6600 390 14000 530 10400 
160 - 7800 290 9000 380 10200 570 14800 
170 2400 395 5600 670 9600 
170 2600 675 16400 
175 8800 680 20400. 
185 2800 790 17000 
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It must be borne in mind that the difficulty in obtaining blood 
from the ear of very young guinea-pigs may lead to dilution of the 


sample by oozing of plasma and consequent low counts, but this source 


of error was excluded in the above series by taking blood only from 
freely bleeding punctures and in all our experiments was avoided as far 
as possible, . 
The leucocytes of the guinea-pig some They 
have been classified by Kurloff', as follows : 
(a) Pseudo-eosinophils, 40—50 °/,. 
(6) Typical eosinophils, 10 °/,. 
(c) Nigrosinophils. 
(2d) Cells containing vacuoles. 
(¢) Typical lymphocytes. | 
The difference between (b) and (c) consists merely in a slight 
difference in the staining reaction of the granules. The cells con- 
taining vacuoles frequently present a globule like a large neutrophil 
granule in their protoplasm. 
We have thought it sufficient for our purpose to class (b) and (c) as 


“eosinophil,” and Kurloff vacuole-containing cells and globule-secreting 


cells we have called “ large lymphocytes.” 


In ten normal young guinea-pigs weighing less than 300 grms, we 
found the differential count of the leucocytes as follows :— 


in Polymorpho- Large 
1. 230 42 56 2 0 
2. 285 25 70 4 1 
8. 290 21 68 8 
4. 175 52 42 5 1 
160 44 51 5 0 
6. 185 38 53 1 8 
7. 150 45 49 4 2 
8. 170 87° 61 1 1 
9. 260 | 68 9 2 
10. 170 46 51 eae 1 
Average 207°5 87°1 69 86 2-4 


1 Quoted, Ehrlich and Lazarus, Histology of the Blood, trans. Myers, 1900, p. 85. 
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per ¢.mm. 


5,200,000 
6,000,000 
6,000,000 
5,400,000 
5,760,000 


. 5,040,000 


5, 600,000 
6,040,000 


per c.mm. 


6,000,000 
4,640,000 
5,920,000 
5,000,000 
4,880,000 
5,096,000 
6,880,000 
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Exp. 1A. Guinea-pig weighing 220 grms. Thymus removed Nov. 24th, 1902. 


Exp. 1B. Guinea-pig weighing 212 grms. Thymus removed Nov. 24th, 1902. 


Per cent. 
Small 
41 49 
53 88 65 
19 73 8 0 
64 24 12 
33 57 10 0 
9 0 
18 719 2 0 
55 27 x 0 
20 66 14 0 
11 80 9 6 
28 51 20 1 
19 79 2 0 
cent. 
Bono 
morphs ~— phil 
3 £466 6 0 
~ 74 18 0 
20 16 4 0 
14 81 5 
29 61 10 0 
23 61 13 2 
37 58 5 


| 

25, xi. 02 90 6000 q 

27. xi. 02 - 90 4400 q 

4. xii, 02 2000 

8. xii. 02 5200 4 

17. xii. 02 80+ 5000 ; 

13.1.08 4800 

4. ii. 08 a 90 3600 a 

4. iii, 08 100+ 2600 4 

12. iii. 03 q 

13. iii, 03 90 6200 

14. iii. 08 3600 

16. iii. 08 90 - 8000 

eo 7. iv. 03 90 + 8000 4 
| 16, v. 08 100 1400 7 
20. vi. 08 8000 

25. xi. 02 90 6000 a 

4 90 5400 
10. xii. 02 00 7600 : 

17. xii. 02 00 8800 
18, i. 08 5600 : 

4. ii, 08 00 2600 : 

4. iii, 08 20 4000 

19. iii. 08 100 3800 4 
20. iii, 08 100 3800 

21. iii, 03. 90 
28. iii, 03 q 

“9. iv. 038 90 
16. v. 03 110 
20. v. 03 i 

20. vi.03 | 110 
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Exp. 3B. Guinea-pig weighing 170 grms. Thymus removed Deo. 2nd, 1902. 


16. xii. 02 
20. i. 08 
16, ii. 08 
16. iii, 03 
17. iii. 03 
18. iii. 08 
7. iv. 03 
16. v. 08 
20. vi. 08 
29. vi. 08 


per c.mm. 
4,800,000 
5,760,000 


5,910,000 


90 
100 
110 


pail 
34 58 7 1 
58 37 5 0 
19 78 8 0 
36 61 2 1 
69 17 14 0 
a 10 4 


Exp. 80. Guinee-pig weighing 260 grms. Thymus removed on Deo, 2nd, 1902. 


Date 


16. xii.02 


20. i. 08 
16. ii. 03 
16. iii. 03 
7. iv. 08 
14. iv. 08 
16. vy. 08 


peremm. per cent. 
4,800,000 100 
4,840,000 100 
4,880,000 100 
90 
90 
100 
100 


per c.mm. 
6,160,000 
6,480,000 
5,680,000 
5,400,000 
6,000,000 


Hemoglobin Leucocytes 
per cent. per c.mm. 
100 14000 
100 7600 

8200 
110 6600 
120 5600 

9000 
5800 
4200 
5600 
4800 
7800 
11400 
10200 
14000 


Per cent. 
25 4 6 
46 44 8 2 
26 71 3 0 
37 11 0 
20 8670 45 «45 
25 70 4 
49 44 6 
53 40 5 
46 38 2 
88 59 2 1 
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+ 
a Erythrocytes Hemoglobin Leucocytes 
5000 
4 
3 90 7000 | 
| 
90 7400 
100 6400 
6400 
13200 
5800 
a 10400 
% Exp.1C. Check gui ig weighi 
3 xp. 10, guinea-pig weighing 205 grms. 
Date 
a 8. xii 
02 
a 17. xii, 02 
18, i. 038 
4 4. ii, 08 
li. 
4, iii. 08 
18. iii. 08 
8. 
4 14, iii. 03 
a 6. iii 
1 03 
iii. 
a 19. iii. 08 
21. iii, 08 
28. iii. 03 
4 16. v. 03 
20. vi. 08 
Diy 
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_ Exp. 8A. Check guinea-pig weighing 230 grms. 


Per cent. 
Erythrocytes Hesmoglobin 
16. xii. 02 4,640,000 100 8400. 42 56 2 0 
20. i. 03 6,400,000 90 11200 | 9 79 2 0 
16. ii. 03 6,480,000 100 14000 37 55 6 1 
16. iii, 03 90 10200 51 48 1 0 
18. iii. 08 80 4800 . 63 - 99 5 8 


The conclusions we draw from the foregoing experiments are :— 
1, Erythrocytes. These experiments show that removal of the 
_ thymus has no effect on the number or quality of the erythrocytes. 

2. Leucocytes. We find that removal of the thymus in young 
guinea-pigs leads to a leucopenia which persists until the animals have 
attained the age of about 3 months. 

This effect on the leucocytes of removal of the thymus may be 
brought out in two ways, (1) by comparing the leucocyte counts of 
guinea-pigs of the same broods and kept under the same conditions 
from some of which the thymus has been removed while in others it has 
been left intact; and (2) by contrasting the average of the leucocyte 
counts in a large number of normal guinea-pigs with the average count 
in a considerable number of guinea-pigs deprived of the thymus. 

(1) The results of this method are illustrated in the experiments 
quoted above, guinea-pigs 3 A forming a normal contrast to 3B 
and 3C; while 1C is the normal contrast to 1A and 1B whose 
thymus glands had been excised. | 

In these the average count of the check animal is much larger than 
that of the contrasted animals with the thymus removed. 


Teble showing erage of leucocyte from frequen 
over a period of 3 months. 


Per cunt 
Leucocytes Percmm. Polymorphs Kosinophil 

1A. Thymus extracted 4200——(‘<‘é 56 8 

5714 22 70 76 
C. Check 8400 87 57 ea 1 
3B. Thymus extracted 6600 37 58 
C. ” ” 6950 33 60 6 1 
A. Check 10950 37 59 8 25 
6A. Thymus extracted 3933 . 88°5 


B. Check 7900 41 
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Curves compiled from average leucocyte count of two sets of three guinea-pigs over a 
period of 10 fortnights. ue 
© = Normal. 


14.000 
12000 ~ 
10.000 


000 


| | 
SER 
4.000 


(2) The average number of leucocytes in 29 normal guinea-pigs 
was 9173, while in 18 animals without the thymus the average was only 
4900, a difference of 53°4°/,. 

But if guinea-pigs of over 300 grms. are excluded from both sets the 

following results are obtained : — 

Fourteen normal guinea-pigs gave an average leucocyte count of 7108, 
while in the same number of thymusless animals the average was 4141, 
a difference of 58°2°/,. 

As indicated in Exps. 1 A, 1 B, IIIB, and IIIC, all the varieties 
of white cells seem to participate to the same extent in the leucopenia 
following thymus extraction. 

' As regards the nature of this leucopenia we merely wish to state at 
present that we do not commit ourselves to the view that the thymus 
necessarily directly supplies leucocytes to the circulating blood. 
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Levcocyrosis in GUINEA-PIGS WITHOUT THE THYMUS. 


The occurrence of this leucopenia led us to consider whether stimuli _ 
to leucocytosis were as effective in young guinea-pigs with the thymus - 


removed as in normal animals, and whether the leucocytic reaction by 


which the organism attempts to resist various microbial and other poisons 
is in any way interfered with by removal of the thymus, _ whether the 
resistance of such poisons is then decreased. 

(a) Pregnancy. Two animals after removal of the thymus became — 
pregnant and had a concurrent leucocytosis. 

As we have already indicated, however, the effects of thymus ex- 


- traction on the blood pass off just about the time that the animal reaches 


the age of reproduction. 
(b) Injections of terebene were followed by an equal oe: in 
normal and in thymusless animals. 
Exp. 1, Two guinea-pigs, each injected with 2 minims of terebene. 
Without thymus (870 grms.) Check (395 gums.) 
Before injection 2600 om 5600 
24 hours later 6200 55 27 8 O 9000 58 4006 (66D 
Exp. 2. Two guinea-pigs, each injected with 10 minims of terebene. 
- Without thymus (280 grms.) Check (860 grms.) 
Before injection 5400 6200 
24 hours later , 6400 8200 
48 ” 7000 6600 


It is to be regretted that for these experiments, made early in our 
series, guinea-pigs rather above the suitable age were used, | 

(c) Tubercle. Several animals became tuberculous, and these showed 
just the same conditions that are found in the blood in cases of 


_ tuberculosis of the human subject, 1.¢. a relative increase of lymphocytes 


alone, without any increase in the total number of white cells in some 
cases, and an additional polymorph increase in some cases, apparently 
to be accounted for by mixed infection. An absolute lymphocytosis, 
however, occurred in one animal which showed a leucocyte count of 
22600 per c.mm., 16 °/, of which were polymorphs, 76 °/, small lymphocytes 
and 8*/, large lymphocytes. A post-mortem examination revealed 
tubercular lesions throughout the organs, and staphylococci were culti- 
vated from the liver. 

In another experiment during which six animals—four with the 
thymus extracted and two checks—were under observation at the same 


differential counts. 
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time, the four thymusless animals became tuberculous. The oe 
counts were as follows :— 


Date B D Check (healthy) 
(245 en) (200 grms.) (240 grms.) (240 grms.) (255 grms.) 

26. v. 6400 5400 6800 4200 5400 
80. v. 7400 8200 6400 6000 _ 6400 

6. vi. 8000 (died) | 2000 7200 6400 
18. vi. 7800 8600 18200 
17. vi. 10200 19200 10400 10600 
20. vi. 12800 14000 (killed CHCI,) 6200 

8. vii. 8000 9200 . 
7. vii. 6600 11200 6400 


(d) Staphylococci and Streptococci. While thymusless animals thus 
showed a normal leucocytic response to the administration of terebene 
and the invasion of tubercle, it remained to be seen if a similar response — 
would, in such animals, follow the injection of microbial poisons, the 
_ resistance to which seems to depend largely on leucocyte action, and 

whether the influence of the toxins would be in any way modified by 

~ removal of the thymus. 

With this object we injected several pairs of guinea-pigs (thymusless 
and normal) with broth cultures of streptococci and staph} i in 
doses corresponding to the weight of the animal. The ‘teucocytes 
were counted before injections were made, and only animals showing © 
counts within normal limits and also nearly approaching each other 
were used, Our results were of three kinds :— 

1. Experiments in which both animals recovered either with or 

without showing a leucocytosis, 

2. Experiments in which both animals died. 

3. - Experiments in which one animal died. 

The third group was,of course, the one which gave us most information- 
In these experiments we found that of the contrasted animals the one 
which showed the greater leucocyte count on the day following the 
injection recovered, and that the animals which usually showed the 
greater count and which recovered were the checks. 

- Thus in five experiments: 3 check animals recovered and 2 died 
while 1 thymusless animal recovered and 4 died. | 


Exp. 6. 
A Thymusless (150 grms.) 3 B. Check (130 grms. ) 


20. vi. 03 8200 53 29 18 0 8200 81 62 5 » Sy 
8. vii. 03 Each injected with broth culture of streptococci and staphylococci. 

9. vii. 03 2400 52 40 4 4 6800 56 36 4 4 
(died) 
10, vii. 03 8600 64 32 6<:;.@ 

3 


11. vii. 08 | 
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THYMUS. 63 
11, had thymus extracted. C. Check. Each i 
broth oalture on July 18th, 1908. njeoted with similar 
A (160 grms.) died. 


Date Total P. L 

7. vii. 08 4200 

14, vii. 08 - §400 25 6 
B (156 grms.) died. 3 

7. vii. 08 4200 84 64 AEA 0 
C (170 grms.) recovered. 

7. vii. 08 * 5600 72 26. : 2 0 

14. vii. 08 9400 82 15 8 0 


Exp. 12. Thymus removed. B. Check. Bach was injected with and -8 
respectively of a broth culture of staphylococci on July 8th, 1908. 
C (160 grms.) died. 


Date Total P. L L. E 
9. -vii. 08 4400 48 §1 1 
B (170 grms.) recovered. 
7. vii. 038 
10. vii. 03 7600 68 29 8 ee 


Exp. 13. A. Thymus removed. B and C. Checks. Bach injected with broth 
culture of streptococci and staphylococci on July 13th, 1903. 
A (170 grms.) recovered. 


Date Totalperamm.  P. L. 
7. vii. 03 8000 48 48. 4 0. 
14, vii, 08 16400 84 15 1 0 
15. vii. 08 18400 90 8 2 0 
17. vii, 08 8400 ° 72 21 7 0 

(170 grms.) died. 
7. vii. 08 8800 
14. vii, 08 10400. 64 34 2 0 
C (160 grms.) died. 
_ 7. vii, 08 6400 48 48 4 0 
14. vii. 08 12600 84 15 1 0 
16. vii, 08 12200 


These experiments clearly show that in thymusless guinea-pigs the 
leucocytic response to injection of cultures ofstreptococci and staphy- 
lococci is less marked than in normal animals and that their resistance 
to the microbial toxins is also less. 

(e) Diphtheria. It also seemed desirable to ascertain whether 
removal of the thymus had any influence on the resistance of the 
animal to a toxin which does not naturally produce a leucocytic re- 
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action. For this purpose we selected diphtheria toxin, and our thanks 
are due to Prof. McFadyen of the Lister Institute for supplying us 
with a standardised toxin. 

We found that -005.c. killed 200 grms. guinea-pig in 48 hours, 
while 0025 c.c. killed only after 4 days. 

We injected 3 normal and 6 thymusless guinea-pigs with doses 
corresponding to 004 ¢.c, per 200 grms., and in every case the animals 
were found dead on the third day after the injection. 

In protecting against diphtheria toxin the thymus thus seems to 


play no part. 
GENERAL CONCLUSIONS. 


- 1. In guinea-pigs the thymus continues to inerease in size till the 
per reaches a weight of about 300 grms. or an age of about 


__ 2 months, te. at about the time when the animal becomes capable of 


reproduction, and that after that time it begins to degenerate. 

2. Removal of the thymus even on the day of birth has no influence 
on the growth of the animal. 

3. Removal of the thymus causes no change in the number or 
character of the erythrocytes, but is accompanied by a decrease in the 
number of leucocytes, which, in the animals observed by us, lasted about 
2 months. All varieties of leucocytes took part in this decrease. 

4. Thymusless animals which became pregnant showed a normal 
leucocytosi 

5. Thymusless animals infected with tubercle showed the same in- 


crease or altered proportion of leucocytes as is manifested by animals 


with the gland intact. 


6. The injection of terebene caused a leucocytosis in thymusless as 
in normal animals. 


1. The injection of broth cultures of staphylococci and streptococci 


did not usually cause the marked leucocytosis in thymusless animals 


which it produced in normal guinea-pigs. 
_ & The resistance to the toxins of staphylococci and streptococci is 
diminished by removal of the thymus. 
9. Removal of the thymus was not found to have an effect on the 
resistance of the animal to diphtheria toxin. 


The expenses of this research were defrayed from Mr Francis Mason’s 
donation to the Laboratory for Investigation of the Ductless Glands. 
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THE FORMATION OF PRUSSIC ACID BY THE 
OXIDATION OF ALBUMINS. By R. H. ADERS 
_PLIMMER, D.Sc. (Grocers’ Company's Research Student). ~ 


(From the Chemical Laboratory of the Lister Institute of 
Preventive Medicine.) 


Introduction. Wishing to estimate the amount of hydrochloric acid 
contained in certain tumours, I employed the method recently published 
by A. Neumann” for converting albumins into ash. This method 
consists in heating the albuminous matter with a mixture of equal 
volumes of concentrated nitric and sulphuric acids and collecting the 
hydrochloric acid evolved in excess of a standard solution of silver 
nitrate which is afterwards titrated with sulphocyanate solution in the 
usual way. 

On carrying out this process a difficulty was sieiecinnctel. 3 in the 
titration as the solution obtained was always more or less yellow in 
colour and concordant results could not be obtained. The precipitate 
was therefore weighed, but higher results were now obtained when the 
solution was filtered directly without boiling to remove nitrous acid 
than when the solution was boiled. This difference in results was 
found to be due to the presence of silver cyanide in the precipitate 
of silver chloride; the silver cyanide was decomposed by the boiling 
acid solution with the evolution of prussic acid, and when this was 
again collected in silver nitrate solution: it was found that a constant 
amount was formed. 

These observations then led me to an investigation upon the action 
of boiling dilute nitric acid upon silver cyanide; freshly precipitated 
silver cyanide was found to be quantitatively converted into prussic 
acid. A simple method of separating and estimating silver cyanide and — 
silver chloride was thus obtained ®. 

Various albumins were now oxidised with this acid mixture and the 
amount of prussic acid evolved was estimated; each albumin gave 
a fairly constant amount which was different in the several cases. 

Investigations were then made upon the origin of the prussic acid. 


PH. Xxx 5 


‘ 
‘ 
if 
q 
4 
$ ¢ 
3 
4 
4 
4 
“4 
is 
< 
= 
14 
teat 
: 


— 


66 R. H. A. PLIMMER. 


The albumin was hydrolysed with dilute sulphuric acid and the products 
so obtained were oxidised in the same way; the same amount of prussic 
acid was again formed. 

Since the products of hydrolysis of lives consist mainly of 
monoamino- and diamino-acids, certain of these were oxidised in order 
to determine, if possible, from which of them the prussic acid was 
formed. Only a small quantity of prussic acid was obtained which was 
by no means sufficient to account for the amount obtained from the 
albumin itself or its products of hydrolysis. 

From these results it seemed as if the amino-groups played only 
a small part in the formation of prussic acid. In order to prove this 
supposition the products of hydrolysis were first treated with nitrous 
acid so as to destroy the amino-groups and then oxidised. The same 
amount of prussic acid was again obtained. It may therefore be assumed 
that the prussic acid originates from a decomposition product which does 
not contain nitrogen in the form of amino-groups. 

The formation of prussic acid by the oxidation of albumins bas been 
previously observed. In 1846 Schlieper™ oxidised gelatine with chromic 
acid in order to confirm the statement made by Persoz and Marchand 
that prussic acid was formed inthisway; two years later Guckelberger “ 


- ghowed that other albumins when oxidised with chromic acid also gave 


prussic acid. No estimation, however, of the amount of prussic acid 
evolved was made by these observers, nor has the formation of prussic 
acid been subsequently investigated. The amount of prussic acid 
formed by the oxidation of albumin with chromic acid was therefore 
estimated and it was found that it was the same as when the oxidation 
was performed with the nitric acid mixture. 

The formation of prussic acid by the action of other oxidising agents 
has also been investigated. Manganese dioxide and dilute sulphuric 
acid was employed by Guckelberger with a negative result which 
I can entirely confirm. 

Though albumins have often been oxidised with potassium perman- 
ganate the formation of prussic acid does not seem to have been 
observed. By the action of this oxidising agent in acid solution 
I obtained only a very small amount of prussic acid. 

It was suggested by Kutscher and Steudel™ that prussic acid 
might. be formed by the oxidation with concentrated sulphuric acid in 
order to account for the low results which they obtained by Kjeldahl’s 
method; I therefore made experiments with concentrated sulphuric 
acd but the presence of prussic acid could not be detected. 
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PRUSSIC ACID FROM’ ALBUMINS. 


:. As described by Neumann the apparatus, in which the oxidation is 
carried out when the estimation of hydrochloric. acid is required, consists 
‘of a 4 litre retort into the tubulus of which a dropping funnel is ground. 
The neck of the retort is narrowed so that it passes into a flask 
containing excess of ‘a standard solution of silver nitrate which-is kept 
cold by immersion in a basin of cold water; the end of the retort is 
placed about 1 cm. above the level of the liquid in the flask which is 
filled to about a quarter of its volume. The albumin is then oxidised by 
heating it with a mixture of equal volumes of water, concentrated nitric 
acid and concentrated sulphuric acid, which is allowed to run in slowly. 
through the tap-funnel until a white precipitate is no longer formed i in 
the silver nitrate solution. 

This apparatus was in the first place slightly modified by the 
employment of a distilling flask of the same capacity as.the retort into 
the neck of which the tap-funnel was securely fastened by means of 
a cork. Experiments were then made to determine the accuracy of the 
results by this procedure with a known quantity of a standard solution 
of sodium chloride. The results were accurate. The same process was 
repeated with the addition of one gram of starch in order that organic 
matter might also be present ; the same results were obtained. Although 
the cork is attacked by the acid fumes evolved during the process, this 
does not interfere with the results of the determination. This apparatus 
was consequently employed and the cork renewed for each experiment. 

When the albuminous matter under investigation was treated in 
exactly the same way the reaction was at first very violent and large 
quantities of oxides of nitrogen were evolved; these gases on coming 
into contact with the silver nitrate solution produced a white precipi- 
tate; an early formation of silver chloride was also observed by 

Since there might be a small loss of hydrochloric acid during this 
violent reaction the process of carrying out the oxidation was. further 
modified by passing the evolved gases through a condenser, and then 
through the solution of silver nitrate contained in a Volhard receiver 
attached to the end of the condenser. The solution, when treated in 
the manner described by Neumann, was then found to be more or less 
yellow in colour; this rendered the subsequent titration with sulpho- 
cyanate solution ‘exceedingly difficult, and concordant results could not 
be obtained, so that the precipitate of silver chloride was weighed. 

_ Experiments were first performed to determine whether this yellow 
aad was formed by the action of the acid mixture upon gelatine 
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68 RH. A. PLIMMER, 
and albumin; Von Fiirth® in his publication upon the action of nitric 
acid on albumins makes no mention of the formation of a volatile nitro- 
derivative ; his investigations were made chiefly upon xanthoprotein and 
its decomposition products. Both from gelatine and egg albumin the 
distillate was yellow, especially in the case of egg albumin; this colour 
became more intense on neutralising the acid solution with soda. The 
distillate also possessed the peculiar smell of aldehydes; their presence 
was verified by testing with ammoniacal silver nitrate solution which 
was strongly reduced. The aldehydes were then separated by the 
distillation of the neutral solution ; the new distillate possessed the same 
smell but in addition that of prussic acid was noticeable; its presence 
was verified by the formation of a precipitate of Prussian blue when the 
solution was boiled with ferrous salt and alkali in the usual way and 
then acidified; on adding silver nitrate solution and acidifying silver 

cyanide was precipitated which gave the following analysis : 

0°2328 grm. AgON gave 0°1870 grm. Ag=80°33 per cent. Ag. 

AgCN requires 80°56 per cent. Ag. 

The formation of prussic acid by the oxidation of albumins with the 
acid mixture was then investigated since its presence would cause 
@ serious error in the estimation of chlorides by this method. As 
material gelatine was first employed, the process being carried out as 
described before, the silver precipitate was filtered off on to a tared 
filter without boiling the solution, washed with cold water, dried at, 
100° C., and weighed. The following three results were obtained: _ 


Gelatine taken Ag salt p.c, Ag salt 
5°2536 grms. 0°0536 grm. 102 
53106 0°0546 1°08 
4°5500 0°0582 0°96 


Experiments were now made in which the solution was boiled 
before the silver salt was filtered off; three experiments were again 


performed : 


Gelatine taken Ag salt p.c. Ag salt 
70036 grms. 0°0296 grm. 0°42 
5°7824 0-0186 0°32 
7°6924 00214 0-28 


From these results it will be seen that a loss had occurred. In order 
to confirm them a series of six experiments was carried out with dried 
egg albumin in exactly the same way; in the first three experiments 
the silver —— was weighed without boiling the solution, in the 
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remaining three experiments the solution was boiled before filtering off 


the precipitate. | 
The results were as follows: 
Albumin taken Agsalt pc. Ag salt Albumin taken Agsalt pc. Ag salt 
(1) «54090 grms. 0°2984grm. 5°52 (4) 18°6982 grms, 06058 grm. 3°24 
(2) 79836 04302 §°42 (5) 17°1686 -0°5566 8°24 
(8) 11°0812 0°6136 5°64 (6) 18°9408 0°6256 3°30 


Just as in the case of gelatine a loss of silver salt had occurred. 
The solution was therefore distilled and the distillate after passing 
through a condenser was collected in a Volhard receiver containing 
silver nitrate solution. A white flocculent precipitate was formed which 
was filtered off, washed with cold water, dried at 100° C., and weighed ; 
on analysis this substance was found to be silver cyanide. The silver 
chloride remaining in. the solution was also estimated; the following 
results were obtained : 


Albumin taken AgCl AgCN p.c. AgCl pc. AgCN Total p.c. Ag salts 
18°6112 grms. 0°4538 grm. 0°2830grm. 38°33 2°08 5°41 
18°7718 0°6078 0°3896 8°24 5°31 
172912 0°5536 0°3812 8°20 2°21 5-41 

0:2778 grm. AgON gave 0°2224 grm, Ag= 80°06 per cent. Ag. 
0°3274 02622 ,, =80°09 


This behaviour of silver cyanide with boiling dilute nitric acid was 
then investigated: freshly precipitated silver cyanide was found to be 
converted into the theoretical amount of prussic acid by boiling dilute 
nitric acid; it can thus be separated from silver chloride and directly 
estimated, 

As silver cyanide can thus be so easily separated from silver chloride 
the ‘formation of prussic acid from other albumins and again from egg 


albumin and gelatine was investigated and its amount estimated. The 


amount of hydrochloric acid contained in them was also determined. 
In all cases the process was carried out in the following way: 

The albumin was weighed out from a bottle into the distilling flask 
into which the dropping funnel was securely fastened; the flask was 


then connected to the condenser and to the end of the condenser a 


Volhard receiver containing excess of silver nitrate solution was attached. 


About 20.c.c. of the acid mixture were run in through the‘funnel and 


the liquid gently heated; after a short time a very violent reaction 


commenced with the evdlution of large quantities of nitrous fumes 


_ which on coming into contact with the silver nitrate solution produced 


- 
| 
q 
* 
| 
aq 
4 
> 


70 RH. A. PLIMMER. 


a white precipitate. As soon as this violent reaction had subsided more 
acid mixture was slowly dropped in and the solution again heated ; this 


was continued until evolution of gas no longer occurred and the scisiion 


in the flask became almost colourless when the oxidation was complete. 
The distillate was at first colourless. but it contained a few oily drops ; 
towards the end it became yellow in colour when @ small quantity of 
a white solid also passed over. In order to separate the silver cyanide 
and silver chloride the solution and precipitate were carefully transferred 
into another flask and again distilled; the distillate was again collected 
in a solution of silver nitrate ssntained in a Volhard receiver. The | 
silver cyanide so obtained was filtered off on to a tared filter, washed 
with cold water, then with hot water and hot alcohol so as to remove the 
white solid which also passed over, dried at 100° ©. and weighed. The 
silver chloride which remained undecomposed was also filtered off, dried 
at 100°C. and weighed. The solution in which it was contained remained 


yellow in colour as the yellow substance did not again distil over except 


to a very slight extent. Its isolation and characterisation are still under 
investigation. 

In the case of gelatine the reaction was at first a no means so 
violent as with the other albumins but a large amount of gas was also 


evolved; the distillate was also less deep yellow in colour. 


The following tables show the results which were obtained; the 


silver cyanide was also analysed and the results of these determinations | 
are 


Casein (Merck). 
Amounttaken AgCl AgCN pe. AgCl p.c, p.c. AgON pe. HEN 
grms. grm. grm. 
51904 00166 0°1742 0°32 3°86 
4°1184 0°0102 0-1380 0°25 8°35 
63010 00118 0°2848 0-19 | mean 8°73 | mean 
61746 0°0186 02538 0°30 | =0°27. 0°07 =8°70 0°74 
60514 00176 02234 0°29, 8°69 
8°7936 0°0108 0°1506 0°28! . 3°97 


0-2842 grm. AgON gave 0-2280 grm. Ag= 80°22 per cent. Ag. 
0°2706 02164 ,, =79°97 
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Hemoglobin. (Merck). 
0°1160 0°2144 1°77 8°27 
0°0564 0:0836 1°70 2°52 
0:0790 0°1296 1°75 | mean 2°88 | mean 
00930 01420 175 | =1°74 0°44 2°67 | =2°79 0°56 
0°1022 0°1590 1°66 | 2°68 
0°1162 0°1816- 1‘79 2°80 
02044 grm. AgON gave 0°1680 grm. Ag= 79°75 per cent. Ag. 
0°2076 01664 ,, =8015 
| Fibrin (Merck). 
Mean Mean 
AgCl AgON pc. AgCl = HCI pc. AgCN p.c, HON 
0°0116 0°1128 0°33 8°17 
00172 0°1466 0°40 8°41 
0°0212 0°1918 0°37 | mean 8°33 | mean 
00244 01934 0:38/ =037 009 802/ =826 06 
0°0200 0°1762 0°39 8°48 
0°0170 0 1470 0°37 3°18 
0-8812 grm. AgCN gave 0-2644 grm. Ag=79-88 per cent. Ag. 
0°2920 02336 ,, =80-00 
Witte’s Peptone. 
Mi | 
grm. grm. 
00230 0:0860 0°65 2-48 
0°0344 0°1474 0°66 2°82 
0°0404 01692 mean 2°78 | mean 
00448 02068 068 =065 0°16 812; =261 0688 
0°0874 0'1366 0°62 2°27 
00256 00950 0°61 / - 2°26 
0-2248 grm. AgON gave 01798 grm. Ag=79°98 per cent. Ag. 
0°3696 ” 02970 ” = 80°36 ” 
Egg albumin. 
| Mean 
pe Ag pe HCL pe HON 
0°1540 0°1454 2-94 2°77 
-0°1958 0°2366 3°01 8°63 
0°1062 0°1218 2°81'| mean 8°23 | mean 
‘0°1880 0°1108 8°08 | =2°94 0°74 2°44 | =2°98 0°60 
0°1498 0°1508 2°88 2°90 
01986 «601910 2°97 2°98 


0-8866 grm. AgCN gave 02702 grm. 


Amount taken ; 
6°5572 
$°3132 
4°5020 
6°1670 
6°4946 
3°5612 
4°3014 
64052 
51420 
4°6266 | 
grms. 
8°5364 
6°6184 
: 60264 
grins. 
§-2420 
6°5108 
4°5496 
6-5164 
ve 
4 3 
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Gelatine. 
Amounttaken  AgCl AgCN pe p-c. HCl p.c. pe, HON 

0°0054 00616 008, . 0°98 
0°0122 0°1082 0-11 101 
00146 0°1210 0°11 | mean 0°89 | mean 
0°0254 0°1946 =0°12 0:03 0°97 | =0°968 0°20 
0°0292 0°2118 0:18 | 0-98 
00334 0°2386 111 
0°3076 grm. AgON gave 0'2462 grm. he. 

02148 01716  =7989 


AgON requires 80°56 per cent. Ag. 


From these results it will be seen that the amount of silver chloride 


obtained is constant, and that Neumann’s method gives accurate values — 


when performed in this manner. For the simple estimation of chlorides 
it is only necessary to boil the solution containing the silver salts for about 
half-an-hour when all the silver cyanide will be decomposed. Neumann 
only heated the solution for 5—10 minutes to remove the nitrous acid, 
a time which is not sufficient to destroy all the silver cyanide. 

The amount of silver cyanide, however, varied slightly; this can 
only be accounted for by the violence of the reaction which occurred 
at the commencement; the higher values were obtained when the acid 
mixture was heated very gently so that the reaction commenced as 
slowly as possible. The analyses of the silver cyanide were also slightly 


low; this may be due to the presence of a small quantity of the white - 


solid which also distilled over, and which was not completely removed 
by washing with boiling alcohol, but it is more probable that it was 
due to a small quantity of another silver salt which adhered to the 
filter paper and turned black when exposed to the light. Volatile 
fatty acids and aldehydes were also contained in the distillate. : 

Oxidation with chromic acid. The volatile products formed by the 
oxidation of casein and other albumins with chromic acid and man- 


_ ganese dioxide were investigated by Guckelberger™ in 1848 and were 


found to consist of prussic acid, aldehydes, fatty acids and nitriles, No 


attempt however was made by this ‘observer to estimate the prussic 


acid; experiments were therefore undertaken to estimate its amount 

and compare it with the amount obtained with the acid mixture. 
A known quantity of casein was oxidised with twice its weight of 

potassium dichromate, three times its weight of sulphuric acid and 
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thirty times its weight of water in the same apparatus as previously 
described, the sulphuric acid diluted with the water being slowly added 
to the finely powdered potassium dichromate mixed with the casein. 
The solution was gently heated at first as frothing occurred, but this 
soon ceased and the distillation could be carried on. Only a very small 
amount: of precipitate was found in the receiver containing silver nitrate 
solution acidified with nitric acid; when redistilled this again passed 
over but its amount was too small for further investigation. 
Guckelberger stated that these proportions of albumin, potassium 
dichromate, sulphuric acid and water were the best to obtain a good yield 


- of volatile products; a larger amount of prussic acid was therefore 


expected. 

Two years previously Schlieper® had oxidised gelatine with 
chromic acid in the proportions of 1 part of gelatine, 4 parts of po- 
tassium dichromate, 74 parts of sulphuric acid and 25 parts of water 
and had obtained prussic acid. Experiments were therefore made to 
determine whether a larger amount of prussic acid was obtained when 
these proportions were used ; the same procedure as before was adopted — 
and the distillate again distilled to separate the silver cyanide; the 
results were : 


Casein taken AgCN : p.c. AgCN p.c. HON 


4°3148 grms. 0°1838 grm. 4°26 0°85 
52886 | 0*1840 8°48 0°70| mean 
4°1608 0°1558 8°75 0°75 | =0°74 
4°4182 0°1838 3°39 0°68 
0°1708 grm. AgCON gave 0°1368 grm. Ag= 80-09 per cent. Ag. 
0°3336 0°2676 ,,  =80°22 


The same amount of prussic acid is thus formed by the oxidation of 
casein with suitable proportions of chromic acid as with the nitric acid 


mixture. 


Owidation with manganese diomide. Guckelberger™ also oxidised 
albumins with manganese dioxide and sulphuric acid ; with this oxidising 
agent he found that prussic acid was not contained amongst the volatile 


products. 


A known quantity of casein was oxidised with the same proportions 
of manganese dioxide, sulphuric acid and water as employed by Guckel- 
berger, and the distillate was collected in silver nitrate solution as in 
all the previous experiments. The distillation had to be carried out at 
first very carefully as there was a great deal of frothing at the com- 
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mencement, but this ceased after a short time and the distillation could 
be proceeded with. After 3—4 hours’ distillation no precipitate of 
silver cyanide was observed and Guckelberger’s result was confirmed. 

Owidation with potassium permanganate. Though many experiments 
have been performed on the oxidation of albumins with potassium per- 
manganate, no mention is made whether prussic acid is formed ; investi- 
gations were therefore carried out for this purpose with acid perman- 
ganate, which was employed in such a quantity as corresponded in 
oxidising power to that of the chromic acid previously used. 

A known weight of casein was mixed with 2} times its weight of 
finely powdered potassium permanganate, and to this mixture, contained 
in the same apparatus as in the previous experiments, 74 times its 
weight of sulphuric acid mixed with 25 times its weight of water was 
slowly added. A very violent reaction commenced, with a great deal 
of frothing and spurting, so that a larger flask was employed; then 
also it was very difficult to prevent a little of the solution being 


splashed into the condenser and carried over into the silver nitrate 


solution. When this reaction ceased the rest of the sulphuric acid was. 

slowly added and distillation commenced; it was continued for 2—3 hours. 
A small quantity of precipitate was formed, and on redistillation in the 

usual way a small precipitate of silver cyanide was obtained : IB si 


.4°4832 grms. 0:0044 0°10,- 
00086 046 

6-0986 00098 0:16 


0-0194 grm. AgON gave 0:0152 grm. Ag.=78-85 per cent. Ag. 


The small quantity of silver cyanide obtained by oxidation with 
permanganate is not pure as seen from its analysis. 

Owidation with concentrated sulphuric acid. Kutscher and Steudel® 
suggested that prussic acid might be formed by Kjeldahl’s method for 
estimating nitrogen so as to explain the low results which they obtained; 
they made a few experiments but could not detect the presence of 
prussic acid. 

A known quantity of casein was oxidised by heating it with con- 
centrated sulphuric acid in the usual way; the gases evolved, when 
passed into silver nitrate solution, gave only a precipitate of silver 
sulphite. Two experiments were also made where the gases evolved 
were passed into excess of caustic soda solution, and the sodium sulphite 
so produced was then oxidised — potassium — The 
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solution was then acidified with nitric acid and distilled and the distillate 
collected in silver nitrate solution ; in the first experiment only a slight 
turbidity was formed, and in the second’ experiment the silver nitrate 
solution remained clear. Thus, the oxidation with on acid 


caused no eyolution of prussic acid. 


Experiments were now made to determine the origin of the prussic 
acid; for this purpose it was.firstly necessary to determine whether the 
hydrolytic decomposition — of albumin also gave rise to it and 


in what amount. 


A known quantity of albumin was hydrolysed’ by boiling with three 
times its weight of concentrated sulphuric acid and six times its weight 
of water under a reflux condenser for 14 hours ” ; in the first experiment 
the end of the condenser was connected by a tube to a Volhard receiver 
containing silver nitrate solution so as to determine whether prussic acid 
was formed during hydrolysis ; only a very small quantity of a dark silver 
salt, in all probability silver chloride, was present in the solution at the 
end of the hydrolysis so that prussic acid is not formed during hydro- 
lysis. The solution containing the products of hydrolysis was then 
oxidised with the acid mixture in the same way as described above. 
Here, however, the acid mixture at the commencement had to be added 
very slowly as frothing occurred ; this ceased after a short time and the 
solution gradually became concentrated by distillation. When the 
concentration had become sufficient, oxidation suddenly commenced 
with the evolution of nitrous fumes and at the same time a white 
precipitate was formed in the receiver; only a small quantity of preci-. 
pitate had been formed previous to the commencement of the oxidation. 
Just as with the albumins themselves, the oxidation was then completed 
and the distillate, which was again yellow, redistilled to — the 


silver salts, both of which were estimated as before: 


Casewm. 


64528 00160 0°1468 


0-2596 grm. AgON gave 0°2074 grm. Ag=79'89 per cent. Ag. 


Hemoglobin. 
4°1834 00712  0-0940 1°70) mean 
2°17) =2°21 


5°4010 09-0980 01170 181} =1°76 
0-1984 gim. AgON gave 0-156 grm. Ag=79'04 per cent. Ag. 
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Amount taken AgCl AgON pc. AgOl p.c. AgON p.c. HON 
4°8602 grms. 0°0186 grm. 0°1112 grm. 0°43) mean 2°55) mean 
63106 00176 0°1336 0°33} =0°88 2°52) =2°54 0°51 


0-2846 grm. AgON gave 0°1874 grm. Ag = 79°88 per cent. Ag. 


Witte's Peptone. 

4°6244 0°0308 0°1084 0°67) mean mean 
5°4470 0°0388 0°1234 0°71) =0°69 2 = 2°30 0°46 

0-2248 grm. AgCON gave 0°1800 grm. Ag = 80-07 per cent. Ag. 

Egg albumin. 

4°5812 0°1022 0°1464 2 mean 8 mean 
6°8514 0°1564 0°2210 2°67) =2°45 8 = 8°49 0°70 

0°2172 grm. AgON gave 0°1742 grm. Ag = 80°20 per cent. Ag. 
4°6360 0°0086 00400 0°19 0°86 

mean mean 

7-0608 0-0108 0-0894 oas| 2047 
8°1854 0°0132 0°0532 0°16 3 0°65 


01184 grm. AgON gave 0-0942 grm. Ag=79°56 per cent. Ag. 


Thus, prussic acid is formed in nearly the same amount from the 
products of hydrolysis as from the albumin itself. 

Certain monoamino-acids and other nitrogen-containing compounds 
were then oxidised to determine whether the prussic acid originated 
from them. The experiments were carried out in the same way as 
described for the albumins; but the oxidation, except in the case of 
tyrosine, was by no means so violent at the commencement, the 
reaction only occurring when the acid mixture had become concen- 
trated by distillation. With tyrosine, however, a very violent reaction 
occurred when the acid mixture was added to it, no heating being 
necessary; the reaction ceased after a short time and the oxidation was 
completed in the usual way. The distillate from tyrosine was yellow 
_ like that from the albumins; the volatile nitro-derivative thus appears 
to be derived from tyrosine, but from the fact that it is also obtained 
from gelatine which contains no tyrosine, phenylalanine”, the only 
aromatic derivative as yet isolated from it, must also be concerned 


in its formation. The following compounds were investigated with the 
results given below: 
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Glycocoll. 
6°3140 grms. 00096 grms. 0°15 
5°2104 0-0066 0°18 
6°2168 0°0058 0-09 


The quantity obtained was unfortunately too small for analysis; in 
appearance it was not like silver cyanide and it turned black in the 
light. | 


Alanine. 
Amount taken AgON pc. AgON p.c. HCN 
40364 grms. 00290 grm. 0°72 015 
58762 0-0884 0°65 | oas| 015 
6-6556 00546 0-82 O17) 
0°1484 grm. AgON gave 0°1178 grm. Ag=79°38 per cent. Ag. 

\ 
a-Pyrrolidinecarbouylic acid (obtained from gelatine”). 
12908 0°0144 0°28) mean 
1:2760 0°0138 1-08 0-224 =0°22 


00158 grm. AgON gave 0°0122 grm. Ag=77°21 per cent. Ag. 


A 
43058 00158 0°87 0°08) mean 
5-2392 00164 0°81  006f =007 
0°0262 grm, AgON gave 0°0206 grm. Ag= 78°68 per cent. Ag. 
Tyrosine. 

1°1406 | 00462 4°05 0°81 | 
0°5850 00198 3°38 0°68 
1-2380 00546 4°41 0°88 


0°0844 grm. AgCN gave 0°0670 grm. Ag =79°38 per cent, Ag. 


Asparagine. 
- 4°8390 0°0258 0°53 mean 
54156 0°0182 0°24 0 =0°08 
0-0304 grm. AgON gave 0°0242 grm. Ag=79°60 per cent, Ag. 
Urea. 
56122 00006 0°01 
7°1160 0-0006 0°01 


The quantity of silver salt was too small for analysis; it became black on exposure to 
the light. 
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titrate. 
50884 grms. O00012grm. 001) mean 
73024 00052 007 = 0-01 


The quantity of silver salt was again too small for analysis; it behaved like that from 


ide. 


00310 0°59 0°12) mean 
58432 0°0332 0°67 =0°12 | 


Thus only i in the case of tyrosine an amount, of prussic acid is 
obtained which corresponds to that given by the albumins; this amount, 
however, is not-sufficient to account for the total amount given by the 
albumin, as only about 5 per cent. of tyrosine has been obtained as the 
maximum yield on hydrolysis. These values have been collected together 
by Reach”. 

Since the greatest amount of arginine is contained in inlatioe, of 
histidine in hemoglobin, and of lysine in casein and gelatine, it may be 
assumed that these hexone bases are not the origin of the prussic acid, 
for these albumins should then give the greatest quantity of prussic acid, 
which is not the case. Prussic acid has been observed by Zickgraf™ 
among the products of the oxidation of lysine with permanganate, 
and Herzog™ has observed its formation from histidine by oxidation. 
Froehde™ obtained prussic acid by the oxidation of tyrosine with 
chromic acid but made no estimation of its amount. Unfortunately 
the amount of tyrosine available was insufficient for a repetition of 
Froehde’s experiments in order to estimate the amount of prussic acid 
evolved by this method of oxidation. Experiments are in progress on 
this point. 

Many complex organic compounds when oxidised with nitric acid 
also give rise to prussic acid; Hantzsch™ has explained this reaction 
by assuming. that the nitrous acid, which is first formed, acts on the 
first oxidation ‘product: forming an oximido-derivative ; these compounds 
(diisonitrosoacetone, oximidoacetic acid, isonitrosomalonic acid) which 
contain the = N —-OH group are decomposed by boiling with water 
with the evolution of prussic acid. This explanation cannot be applied 
to the albumins since, as has been shown, the same amount of ‘prussic 
acid is formed by the oxidation with chromic acid. 
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- Im order to show that the products of hydrolysis of albumin which 
conta amino-groups were not the mother substances of the prussic acid 
although they take a share in its forniation, a known quantity of egg 
albumin was hydrolyséd as before and to the cold solution a solution 
of sodium nitrite was slowly added‘so as to destroy the amino-groups : 

this solution contained an, equivalent amount of sodium nitrite to that 
employed by Jochem in his investigations. The solution so obtained 
was then gently heated to remove the excess of nitrous acid and slightly 
concentrated by distillation, the distillate being collected in silver 
nitrate solution. It was then oxidised with the acid mixture and the 
same procedure carried out as in the previous experiments ; the same 
quantity of prussic acid was again obtained : 
4°5456 grms. AgON = 2°91 per cent. AgON 
=#0°59 per cent. 
0°1264 grm. AgON gave 0°1014 grm. Ag = 80°22 per cent. Ag. 

During the heating to remove the excess of nitrous acid. it was 
noticed. that a white precipitate was formed in the silver nitrate 
solution; two experiments were. made where this precipitate was 
collected separately before the solution was oxidised with the acid 
mixture ; the receiver was changed when the oxidation was commenced 
and a further quantity was then obtained. In both cases the separation 
of silver cyanide from silver chloride was _ carried out ‘with the 
following results : | 

Eggalbumintaken AgONI AgCN II Agen p.c. HCN 
6°8194 grms. 0°1876grm. 2°02 O1190grm. 174 mean 

50682 00728 . 00912 1°80 8°24 =0°70 


0-2028 grm. AgON I gave 01624 grm. Ag=80-08 per cent. Ag. 
0-2020 ay II 0°1620 = 80°20 ” 


Prussic acid is thus formed from the products of hydrolysis of 
albumin after treatment with nitrous acid in the same amount as 
when they are not so treated; a portion is evolved when the solution — 
containing nitrous acid is heated. 


SUMMARY. 


By the oxidation of albumins with Neumann’s acid mixture prussic 
acid is evolved ; its amount is constant and varies for each albumin. 

The same quantity of prussic acid is formed from the products of 
hydrolysis of albumin when they are oxidised. 
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Only a small quantity of prussic acid is formed from the amino- 
acids by oxidation. 

The same amount of: prussic acid is as ovoleed after the products of 
hydrolysis have been treated with nitrous acid so that the amino- 
groups play only a small part in its formation. 

Oxidation with potassium dichromate and sulphuric acid in suitable 
proportions gives rise to the same amount of prussic acid. 

Oxidation with manganese dioxide and sulphuric acid, potassium 
permanganate and. sulphuric acid, and concentrated sulphuric acid does 
not give rise to prussic acid or in very small amount only. 
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THE HISTOLOGICAL CHANGES PRODUCED BY THE 
INJECTION OF ADRENALIN CHLORIDE. By W. B. 
DRUMMOND, MB, CM, F.RCP.E. (Four Figures in Text.) 


(From the Laboratory of the Royal College of Physicians, Edinburgh) 


THE material upon which the present paper is based was furnished by 
a series of experiments performed by Dr Néel Paton in the course 
of an investigation of adrenalin glycosuria. The results of some of 
Dr Paton’s observations have already been published. 

The organs examined were removed from the animals immediately 
after death, and portions were fixed in corrosive sublimate solution and 
in formalin (10°/,), passed carefully through graduated alcohols, cleared 
in cedar oil, impregnated with paraffin, and cut with the rocking- 
microtome.. Hematoxylin and eosin, and methylene-blue and eosin 
were the chief stains used. Special methods were made use of when 
indicated ; for instance Weigert’s method was used for the recognition of . 
fibrin, and osmic acid and sudan for the recognition of fat. 

Some of the physiological effects which have been observed to follow 
injection of supra-renal extract have a bearing upon the present investi- 
gation. The most important of these is the rise of blood-pressure ‘which 
follows injection. Oliver and Schiéfer® found that, when large doses 
were administered, the rise in blood-pressure might be so. great as to 
cause extravasation of blood, especially in the liver. 

Respiration is also affected, as described by Oliver and Schafer®, 
there being shallowing or even temporary cessation of respiration, which 
passes off gradually. Bleeding from the nostrils has been observed, and 
death may be preceded by convulsions resembling those of asphyxia”. 

The changes in the urine are of great importance and iiterest. The 
discovery that glycosuria follows injection of adrenalin is attributed to 
Blum (1901), whose observations were confirmed by Luelzer (1901), 
and by Loftan (1902). Albuminuria and even haematuria also occur 
when the doses are sufficiently great. 

The post-mortem appearances, as described by others, and as found 
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in these experiments, will be referred to under the several organs, but 
one or two points may be noticed here. 

The changes varied a good deal in degree. The most intense 
changes were found in those animals which died after a single dose. 
In such cases convulsions usually preceded death. Animals which 
were receiving smaller doses over a prolonged period sometimes quite 
unexpectedly had convulsions and died. Some of the post-mortem 
changes, such as ecchymoses in the abdominal wall, may, have been 
produced by the convulsions 
The changes actually found included the presence of a variable 


amount of fluid in the peritoneum, the pleura, and the pericardium ; — 


more or less congestion of the abdominal viscera, especially of the liver ; 
and congestion of the lungs. The state of the lungs often left little 
doubt that asphyxia was the immediate cause of death. 


Histological changes. Pancreas, The theory that diabetes mellitus — 


is in some way associated with lesions of the islands of Langerhans has 
been maintained in recent years by Opie * and other writers, and 
therefore the condition of the pancreas in experimental glycosuria is of 
special interest. Herter and Richards, in one of the two animals 
examined after death from adrenalin poisoning, found numerous focal 
necroses in the pancreas and degenerative changes in the cells of the 
islands of Langerhans. In a later paper®, however, Herter states that 
further experiments have led him to the conclusion that no importance 
can be attached to the focal necroses and other changes which may 
result from large doses. The pancreas may appear normal in cases 
where glycosuria has been produced, and moreover glycosuria may be 
caused by painting with various reducing substances the head of the 
pancreas (which contains no islands in the dog) just as readily as by 
painting the tail (which is rich in islands). 

Lépine™, also, has lately examined the pancreas in cases of experi- 
mental glycosuria produced by the injection of “lecomaines diabétogénes” 
prepared by the method of Lépine and Boulud. In some cases the 
glycosuria was maintained for weeks. Beyond slight congestion in 
a -few instances no changes were discovered in the pancreas, ‘post 
mortem. 


Our own observations agree with the later observations of Better: 


We have failed to find any special changes in the islands of Langerhans, — 


or any constant changes in the pancreas. In some of the cases examined 
the pancreas was congested, in others it was not, but in all cases the 
acini of the gland and the islands of Langerhans appeared to be quite 
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normal, This is quite in accordance with what is found in at any rate 


_ some cases of diabetes mellitus. For instance in a pancreas from a'case 
of diabetes, kindly given to the writer by Dr Bruce, the islands of 
Langerhans appeared to be normal on microscopic examination. 
"Spleen. In some cases the spleen was of very small size as though 
it had become contracted. Langley™ has noticed transient contraction 
of the spleen on injection of supra-renal extract. We did not find any 
change in its histological structure. 

Supra-Renal Glands. The supra-renal glands were examined in all 
cases, but no change, beyond slight congestion, was discovered. 

Kidneys. Very marked changes were present in the kidneys, 
which varied from congestion of the organ with cloudy swelling of the 
epithelial cells to a parenchymatous nephritis with desquamation of 
cells in the tubules) The changes in very acute cases, where the 
animal died after a single dose or after a couple of doses, differed a little 
from those seen in cases where the doses had been repeated over a, pro- 
longed period. In acute cases, in addition to congestion of the vessels 
throughout the organ, the convoluted tubules are seen to have suffered 
severely. In some the cells lining the tubules are in a condition of 
cloudy swelling, but in many there is a dropsical swelling of the cells, 
the central parts of the cells (7.¢. the parts next the lumen of the tubule) 
being so swollen as practically to obliterate the lumen. These central 
portions of the cells do not stain, so that only their outlines are visible. 
The peripheral portion of the cells is granular, stains readily, and 
contains the nucleus. Here and there a tubule can be found in which 
the cells are desquamating. 

In the chronic cases the dropsical swelling of the cells in the 
convoluted tubules is less apparent. More often the tubules appear 
abnormally wide, an appearance which might be due to the dropsical 
portions of the cells having broken down. Desquamation of the 
epithelial cells may be seen in many of the tubules, and detached cells 
are to be seen in the lumen not only of the convoluted, but of some 
of the collecting tubules. The nuclei mostly stain fairly well. Some 
of the nuclei appear dark and homogeneous. 

Glomerular changes are not noticeable, beyond engorgement in 
some instances of the capillaries. | Ke 

Liver. No constant changes were found in the liver. In some 
cases the liver appeared perfectly normal whether the animal had been 
killed after a single dose, or had received several doses on successive 
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days. A moderate degree of congestion was present in several specimens, 


In others more serious changes were found. 

The most important pathological condition discovered was necrosis 
of the.central type—that is to say, necrosis affecting the centres of the 
lobules, and occurring diffusely throughout the organ. In one animal 
which had received three fairly large doses on successive days the liver 
was found to be congested, and even under the low power a diffuse 
change affecting chiefly the centres of the lobules could be observed. 
Under a high power there was found to be a profuse exudation of 
leucocytes of the polymorpho-nuclear variety. This varied considerably 
in density, there being in some places a slight exudation throughout 
the lobule, but in other lobules the exudation was confined to the 
central zone, and throughout the specimen the density was greatest 
in the central zones. Where the exudation was most marked the liver 
cells appeared shrunken; the protoplasm was in some homogeneous, 
in others granular, and stained reddish with the eosin; the nuclei were 


smaller and more homogeneous than in normal cells, and instead of 


being: stained blue by the hematoxylin they were purple or even 
pink. Among the leucocytes the liver cells were fewer in number than 
elsewhere, and from some areas they had disappeared altogether. 


j i 


ox 


Fig. 1. Liver of Rabbit after several large injections of Adrenalin on - 
: successive days, showing central necrosis. Low Power. | 
a, central zone ;—congestion and extravasation : disappearance of liver celle. 
b, intermediate zone ;—network appearance. 
Outer zone ;—-liver cells normal. 
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~ In another specimen, also from a rabbit which had ‘received daily 
injections for several days, even more striking changes were present. 


- Under:a low power the lobules were seen to be divided into three zones 


(Fig. 1)...The central zone, surrounding the hepatic veins, seemed 
intensely congested and was stained deep red by the eosin (in. an 
hematoxylin and eosin section). The peripheral zones were normal, the 
connective tissue, liver cells, &c. taking on the ordinary hxmatoxylin 


staining. Between these two deeply stained zones the third, which | 


varied considerably in breadth, stood out in sharp contrast, as it took on 
practically no stain at all, but appeared to be made up of spaces like 
large clear cells with fine connective tissue strands between. Under 
a high power (Fig. 2) the central zone was seen to contain no liver cells 


Fig. 2. Liver of Rabbit after several large injections of Adrenalin on 
successive days, showing central necrosis. High Power. 


at all. The entire area was occupied by red corpuscles, with a few 
connective tissue cells, and leucocytes. Whether these blood corpuscles 
were confined to capillaries or not could not be made out with certainty, 
but the appearance presented resembled extravasation rather than con- 
gestion. The liver cells in the peripheral zone were quite normal. If a 
column of liver cells was traced from the portal space towards the clear 
middle zone the transition between the healthy liver cells and the clear 
spaces of the middle zone was often quite abrupt, and in all cases was 
rapid, only the last one or two cells being altered in any way. These 
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latter appeared swollen and vacuolated, and were followed immediately 
by a clear space about twice as large as a normal liver cell, which might 
or might not contain a degenerated nucleus. In this specimen little 
clumps of leucocytes were present here and there, but the leucocytes 
were not nearly so abundant as in the last specimen. | “7 
Another animal, which received the same injections as the last, 
showed similar central necrosis of the lobules, but. not to quite such 
a degree. 
Several specimens were found to contain small areas of focal necrosis, — 
that is to say, areas of necrosis irregularly scattered throughout the 
organ, and confined to no particular part of the lobule. 
Necrosis of the liver has been carefully studied by Mallory™, and 
it is of interest that he found the condition of central necrosis, similar 
to what has been described, chiefly in toxic and infectious conditions ; 


‘for instance, in diphtheria; in acute endocarditis; in lobar pneumonia ; 


in acute peritonitis. He found the same condition in two rabbits killed 
by the injection of diphtheria toxine, one of the rabbits dying on the 
third, the other on the seventh day. | 
As regards the condition of focal necrosis it must be remembered that 
this condition may occur in normal rabbits, but it was certainly more 
common in the experimental than in the check rabbits examined. Still 
one cannot lay much stress on its occurrence, as it probably results very 


frequently from accidental circumstances. Mallory examined the livers 


of sixteen normal guinea-pigs and found focal necrosis in no less than 

nine of them, 
Another appearance noticed in the liver cells may be referred to 

briefly. In several specimens the liver cells were swollen and vacuolated, 


and in some the change was so marked that the entire protoplasm 


appeared clear and colourless except that the outlines of the cells were 
remarkably clear and that the cell body contained a number of granules 
of variable size, This change was most marked, in some instances at 
least, in the central zones of the lobules, the zones that are affected in 
cases of central necrosis. ‘The question arose whether this change was 
an early stage of the central necrosis above described; whether the 
vacuolation was due to a fatty degeneration of the cells; or whether the 
appearance was not simply due to the cells having contained abundant 
glycogen at the time of death. Finally the question had to be con- 
sidered whether, if these appearances should be due to glycogen, the 
injection of adrenalin had any effect in increasing the amount of glycogen 


‘in the liver. These questions could not be answered from the specimens 
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by Dr Paton, and the results will be found in another paper. 
killed by extract of supra-renal gland may suffer from convulsions 


_ in most instances to an acute edema of the lungs. Brodie, also, has 


TISSUE CHANGE AFTER ADRENALIN. 87 


which had been preserved, as none had been prepared for examination 
for glycogen, and accordingly some fresh experiments were undertaken 


Lungs. Swale Vincent” mentions that before death 
resembling those of asphyxia, and Battelli™ refers the cause of death 


shown that the injection of supra-renal extract produces a distinct 
congestion of the lungs, the nature of which he has recently studied more 
fully in conjunction with Dixon™, 

The congestion in the lungs was usually very intense, and sometimes 
apparently hemorrhagic in character, considerable areas of the organs 
being of a dark red colour, and more solid than normal. The distribu- 
tion of the congestion was not uniform throughout the lungs. As a 
general rule parts of the organs were congested or even hemorrhagic, 
while the remaining parts, a very variable proportion of the whole, were 
unusually pale. | 

The appearances on section vary a good deal with the intensity and 


Fig, 8... of Rabbit. Aoute Adrenalin Poisoning. Extreme congestion, 
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the duration of the process. In animals which have died shortly after — 


a single large dose there may be nothing but a most intense congestion 
of the organs (Fig. 3). The arteries, veins, and capillaries are all full of 
blood. In places the engorgement may be so great that the walls of tle 
air cells appear to occupy more space than the lumen of the vesicles. 
The air vesicles are small, collapsed, and empty, or contain a very few 
red blood corpuscles, 
A slightly later stage of this condition may show the vesicles in 
some areas actually filled with red corpuscles and with fibrin. In such 
hemorrhagic patches the walls of some of the small vessels seem to 
have undergone a colloidal (?) change, and rupture of such vessels has 
been seen in a section. | 
Among the contents of these air vesicles are a few nucleated cells. 
Of these a very few are polymorpho-nuclear leucocytes. The majority 
are. large rounded epithelioid cells with dark granules of pigment in 


_ Fig. 4, Lung of Rabbit. Adrenalin daily, Deith on third day. 
Exudation with epithelioid cells in air spaces. 


their protoplasm (Fig. 4). Theae are found chiefly close to the wall of | 
_ the vesicle and are evidently desquamated epithelial cells, 


me In the case of animals which have lived for a day or two after 
injection, or which have received a number of injections extending over 
some days, nucleated cells are much more abundant in the exudation 
in the air-cells, The epithelioid cells are more numerous, and the 
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polymorpho-nuclear leucocytes may have increased to an even. greater 

extent so as to constitute the majority of the cells in the exudate, A_ 
moderate number of eosinophil cells may also be present. The propor- 

tion of polymorpho-nuclear cells, however, varies gréatly in different 

cases and may be larger in an animal which has died some time after 

a single injection than in one that has received several on successive 

days. In one animal which died about twelve hours after a single dose 

there was a copious exudation of leucocytes in the lung. Sections of 
this (and of other) lungs were stained for organisms, but. none on 

be discovered. 


Discussion OF 


The histological changes prodtised: by the injection of 

to be due to at least two factors. The first is the well-known 

influence of adrenalin upon blood-pressure, and the second is its direct 
toxic action. 

The action of adrenalin upon the vascular system is seen after death 
in the congestion of the viscera, and in the occasional presence of 
hemorrhages and of serous effusion. Congestion due to the action of 
adrenalin on the blood vessels may result either from the increase in the 
blood-pressure in those large arteries whose arterioles do not contract or 
from a rise of pressure in the large veins. The latter, which is a recog- 
nised result of the injection of adrenalin, would increase the pressure, 
for instance, in the central parts of the liver lobules and in the convo- | 
luted tube region of the kidney. In these regions, therefore, congestion, 
when present, may be due to the rise in venous pressure. Battelli 
ascribes death to an acute edema of the lungs, and we agree with him 
that in most cases, if not in all, asphyxia is the cause of death. The 
changes i in the lungs, however, are much more than edema. In all 
the cases we examined, with a single exception, even in cases where the 
abdominal viscera were not distinctly congested, there was distinct 
congestion of the lungs, and in most instances this congestion was very 
great, so great as to be associated with more or less hemorrhage into 
the air vesicles. These changes may be explained by the influence of 
the adrenalin upon the blood-pressure. But these changes are not all. 


_As we have already described, the congestion, which probably occurs. 


almost immediately after the injection, is rapidly followed, if the animal 
lives, by a distinctly inflammatory reaction. This may be due simply to 


_ the presence of effused blood i in the air cells, or to the invasion of micro- 
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organisms from the respiratory passages. But we are inclined rather to 
regard these inflammatory changes as due to a toxic influence of the 
adrenalin, and -in support of this view we would cite the degenerative 
changes observed in ‘the blood vessels (here and there); the compara- 
tively short time which may elapse between the injection and the 
appearance of inflammatory changes ; and the absence or practical absence 
of organisms ‘in specimens where distinct inflammation is present. . 
_ As regards the primary cause of the congestion of the lungs the 
observations of Brodie are of importance. Brodie found that the 
injection of supra-renal extract was followed by a rise in the pulmonary © 
blood-pressure to nearly twice its original value, this rise commencing 
with, but lasting longer than, the rise in aortic pressure. He concludes 
that these effects are mainly due to the action of the peripheral blood 
vessels in causing the large rise in aortic pressure. The adrenalin 
appears to act upon the blood vessels through the vaso-motor nervous 
system, for Brodie found that if he made the injection directly into the 
_ systemic vessels there was an immediate contraction amounting almost. 
to complete closure, while, on the other hand, injection directly into the 
pulmonary vessels resulted in an increased flow. 
_ These facts have an important bearing upon the use of iin in 
cases of hemoptysis,.and we agree with Brodie that experimental 
mest “strongly contra-indicate its employment for such a purpose.” _ 
_- The toxic influence of adrenalin is most distinctly seen in the 
glandular organs, and particularly the liver and kidney. Upon these 
organs it appears to act as a protoplasmic poison. As such it does not 
act indiscriminately. Not only are the changes which it produces more 
marked in these organs than in others examined, but within the organs 
themselves some parts are affected more than others, In the kidney the 
brunt of the toxic action falls upon the cells of the convoluted tubules, 
and in the liver the cells of the central zone are the first to succumb. 
The changes found in the liver are very similar to those which other 
observers have described in various toxic conditions (see 13 and 16). 
The-changes in the liver are of interest in connection with the 
marked fall of urea nitrogen described by Paton [Exp. IX ‘and X], 
seeing that it is in the liver that the formation of urea is outy 
carried on. 
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‘New York Med. News, 1902, p. 201. 


- This Journal, xxx. pp. 476-508, 1904, 


Also Paton and Eason, ee 
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OBSERVATIONS ON THE INFLUENCE OF ADRE- 
NALIN POISONING ON THE LIVER, WITH 
‘SPECIAL REFERENCE TO THE GLYCOGEN. 
By W. B. DRUMMOND, MB; CM, F.RC.P.E, anp 

D. NOEL PATON, M.D., FROP.E. in 


the Laboratory of the Royal College of Physicians, 


Tuts paper is intended to supplement the observations recorded in 
the preceding paper upon the histological changes which follow the 
administration of adrenalin... In examining the livers of the animals 

experimented upon two points at least seemed to require further 
elucidation. 

1. In a considerable proportion of the specimens examined the 
cells of the liver presented in a very marked degree appearances similar 
to those which have been described as resulting from the accumu- 
lation of glycogen. It therefore became necessary to discover whether 

e administration of adrenalin had any effect upon the formation and 
accumulation of glycogen in the liver. _ 7 

2. In many of the specimens there was noticed a marked vacuola- 
tion of the cells of the central zones of the lobules, that is to say, in the 
very zones in which, in other specimens, there was a distinct necrosis of 
the liver cells. Now vacuolation of the liver cells has been described 


_ by Mallory as occurring in the early stages of necrosis, and on the 


other hand liver cells containing glycogen present, especially if the 
specimens have been washed in water, a vacuolated appearance. The 
question therefore presented itself of distinguishing between a very 
early stage of protoplasmic necrosis and the appearance presented by 
cells containing glyeogen. A subsidiary question which also had to 
receive attention was as to the part of the lobules in which the accumu- 
lation of glycogen began and proceeded most rapidly. 

In the further observations required to settle these points additional 
- material was obtained, (a) from normal animals, whose livers contained 
a variable anount of glycogen, according to the food the animal had 
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been receiving; (6) from animals whose livers: had been freed: from 
glyeogen more or less completely by the administration of phloridzin ; 
(c) from animals to which adrenalin was vasaromenteannes after the use * 
phloridzin as in the last case. 

The appearance presented by liver cells containing glycogen. As long 
ago as 1882 Langley’ described certain variations in the microscopic 
appearances of liver cells which. result from the presence of different 
amounts of glycogen. These appearances he studied first in frogs, 
and then in mammals, and more recently* he published in Foster's 


Physiology some figures of the appearances observed. He noticed that 


in the mammalian liver the collection of glycogen begins near the centre 
of the cell, around the nucleus, and that as the glycogen increases in 


amount the body of the cell appears vacuolated, with strands of proto- 


plasm between the vacuoles. The vacuolated appearance is most marked 
in sections which have been washed with water, whereby the glycogen 
is partly or wholly removed. When the glycogen becomes abundant 
the greater part of the cell body presents a clear. appearance, while the 
periphery of the cells takes up the stain and looks like a very thick cell 
wall, This thickened portion Langley described as made up of a proto- 
plasmic network and granules, the latter being possibly concerned in 
the formation of some of the substances found in the bile. __ : 
These appearances may be seen very well in the liver of a rabbit 
which has been fed freely upon turnip. The liver: must be removed 
immediately after death and pieces placed at once in the fixing agent. 
If pieces are fixed in corrosive sublimate, washed, stained . with 
hematoxylin and eosin in the usual way the vacuolated appearance of 
the cells is well brought out. The individual cells appear greatly 
swollen, so much so that in most parts of the section the neigh- 
bouring columns seem to press upon one another, and ‘only here 
and there can any blood or bile-capillaries be made out between them. 
To demonstrate that this appearance is due to the presence of glycogen, 
portions of the liver removed immediately after death should be placed 
directly in absolute alcohol, cut by means of a knife flooded with 
alcohol, and transferred directly to iodine mounting fluid. The cells 
containing glycogen are stained of a very deep mahogany brown colour, 
while the connective tissue of the portal. spaces, &. is stained yellow. 
Sections of a liver like that — are stained — deeply and 
almost uniformly. 


1 Proc, Roy. Soe. xxx1v. p. 25. 1882. 
* 6th Edit. Part Il. p. 755. 1895. 
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regards the ‘part of the lobule which glycogen formation begins 
a = uly ‘of sections from normal animals in which little glycogen was 
present, and animals when fed after the injection of phloridzin, shows 
that glycogen formation does not go on uniformly throughout all parts 


Fig. 1. ‘Normal liver (rabbit) containing glycogen. 


of the lobules. On the contrary, the largest amount of glycogen was 
invariably seen to be in the cells of the central zones, and there was 
often quite a dark mahogany ring round the central veins, while the cells 
nearest the portal spaces stained a pale yellow and showed no indication 
of glycogen at all. The dark central zone shaded off gradually towards 
the periphery. 

Does the injection of adrenalin influence the amount of glycogen in 
the liver ? 

‘The following experiments were carried out, Inall the experiments 

the animals were fed upon a fixed diet, and weighed daily for some time 
before the experiment. _ 


_ Exp. L_ Four rabbits were chosen, A, B,C, and D, whose respective 
weights in grammes were 2360, 2250, 2050, and 2320. A and B 
received adrenalin daily. C and D were checks. Of the adrenalin 
~ 2 ec. were given daily for 8 days; then 3cc. daily for 4 days; then 
4¢.c. daily. A and D were killed on the 7th day, B and C on the 11th. 
Microscopically the livers of B and C showed a moderate amount of — 
glycogen (about the same in each); A and D showed scarcely any. In — 
this and in the subsequent experiment the glycogen was determined by 
Pfliiget’s method. , Analysis of the livers of B and ( gave 


B = 240°), glycogen. 1° 37 */, glycogen, 
The livers of A and D were not analysed, but on microscopic examina- 
tion of iodine-stained sections there seemed little difference between 
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them. In each pair, therefore, the check liver contained ‘about the 
game proportion of glycogen as the experimental one. 

Exp. Il. Acute poisoning. Three small rabbits were fed on a fixed 
diet and weighed daily. All were gaining weight satisfactorily. — 

. A got 2 cc. adrenalin and B12 cc: at 10.45am. A became a good — 
deal collapsed after the injection and was killed at 12.40. B got a 
sécond injection of 1:2 c.c. at 11.30, after which it became collapsed, 
and was killed at 12.25. The check C was killed at 12.30, 

The liver of A was found to contain of 

before the the of the rabbits 
were 590, 690, and 355 grammes. | 
_. So far as these experiments go they seem to show, (1) that in cases 
of acute adrenalin poisoning the amount of glycogen in the liver is 


diminished—a conclusion arrived at by another method by Doyon' and ~ 


Kareff*; and (2) that in chronic cases the amount of glycogen is not 
directly affected. One of us* has already shown that prolonged admin- 
istration of adrenalin is accompanied by the establishment of a distinct 
tolerance to the substance. 

What changes are found in the liver when adrenalin is injected 
subsequently to the administration of phloridzin ? | 

Three pairs of rabbits were chosen, and in each case both rabbits 
received phloridzin, and’ later, one of each pair received adrenalin. 

Exp, III. a. Two rabbits, A and B (weighing respectively 1145 and 
1245 grammes), received phloridzin ‘2 grm. each on two successive days. 
‘On the third day B got 2 cc. adrenalin at 11.30, 2 cc. at 2, 3 cc. at 4, 
and died at 4.30, 5 hours after the first injection. 

Chemical examination of liver : ) 

A=glycogen B=glycogen ‘15°%/,. 

Microscopical examination of liver :-— | 

. Iodine specimens—very little glycogen in either. , 

Hematoxylin and eosin specimens, A was normal, not containing 


are much glycogen. No vacuolation of liver cells. 


-_ B showed well-marked vacuolation of the liver cells, especially i in the 

central zones. The vacuoles were large, and situated mainly in the 

periphery of the cells. Under a low power the liver cells looked 
1 Comptes rendus de la Soc. de Biol. uvt. p. 66. 1904. 


2 Pfliiger’s Arch. xovt. Hft. 1 to 8. 1903. 
8 This Journal, xxrx. p. 285. 1903. 
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shrunken, but with an immersion lens it was seen that this appearance 
was due to the central parts of the cell protoplasm being deeply stained; 
while the peripheral part was filled with vacuoles which caused it to 
expand into and almost obliterate the spaces between the columns of 
cells, Under a lower magnification the deeply stained central parts of 
the cells were easily mistaken for the entire cells. The outlines of the 
cells were not at all distinct, thus offering a marked contrast to what is 
seen in the cases where “vacuolation” is due to glycogen. Most of the 
nuclei were healthy looking, but many stained badly, and some were 
breaking down. ‘There was a very distinct excess of polymorphs 
between the liver cells, though not such a copious exudation as has been 
seen in other instances. : 


Fig. 2. Liver of rabbit. Adrenalin poisoning after administration of phloridzin. 


Exp. III. 8. A and B (weighing 870 and 520 grammes respectively) 
each got 2 grm. phloridzin on two. successive days, as above. On the 
third day. neither had food, B got 2 c.c. adrenalin at 9.45, and again at 
12.15, It became collapsed soon after the second dose and was there- 
fore killed at 12.30—2% hours after the first dose. _ 3 | 

Chemicalexammation: - 


A =gyleogen 108%/,. B=glycogen 
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Microscopical examination : 

A presented the typical “glycogen” appearance, and stained moder- 

ately with iodine in the central zones. — 

B showed practically no change microscopically except that there 
was a very slight vacuolation of a group of cells here and there. 

Exp. III. y. A and B (weighing 1315 and 1420 grammes respectively) 
got phloridzin as above. Copious reduction with both urines after the 
first injection, less marked after the second. On the third day B 
received 2c.c. adrenalin at 11.30, 2c.c. at'1, 2cc. at 3, and oe at 
3.45—4}4 hours after the first injection. 

Chemical examination : 

A =glycogen 1:035°/,. B=glycogen none recovered. 

Microscopical examination : 

lodine specimens :—A =the same as BA. 
.B=no glycogen visible. 

Hanuntongiin and eosin specimens. A shows the usual glycogen 


appearance. B presents the same changes as described above for aB, 
except that there are fewer leucocytes. 


In these three experiments (a, B, and yy) it will be noticed that the 
most distinct changes were present in the rabbit which lived the longest 
time after the injections of adrenalin were begun (a), and the least 
change was present in the one which was killed most rapidly (8). | 
_ As to the nature of the vacuolation noted, we infer that it was not 
due to glycogen, being well marked in one case in which no glycogen 
was discovered either chemically or microscopically, and in another in 
which too little glycogen was present to cause noticeable vacuolation. — 
Nor was it due to fat (as shown by staining sections with sudan and osmic 
acid). We conclude that it was a degenerative process due to the 
toxic action of the adrenalin, an early stage, in short, of the central 
necrosis which we have already described as occurring in some instances — 
after the injection of adrenalin. 


SuMMARY. 

1. In acute adrenalin poisoning, if the animal does not die too 
rapidly, the glycogen in the liver is diminished in amount. 

2. In chronic adrenalin poisoning the amount of glycogen in the 
liver is not necessarily altered, 

3. In acute adrenalin poisoning degenerative changes are frequently — 
present in the cells of the central zones of the lobules. — 

PH. XXXI. 7 
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ON THE ADAPTATION OF THE PANCREAS. By 
F. A. BAINBRIDGE, M.R.C.P., Research Scholar to the 
British Medical Association. ; 


(From the Physiological Laboratory, University Ceiees London) 


CONTENTS. 


Introduction, Previous work. Methods. 
- The reaction of the pancreas to a milk diet. 

The specific nature of the reaction. 

The influence of secretin. 

The mechanism by which adaptation is effected. 

Summary and Conclusions. 
_ Introduction. The brilliant investigations of Pawlow and his 
pupils have greatly extended the range of physiological knowledge 
of the normal mechanism of gastric and pancreatic secretion. One 
of their most interesting discoveries has been the observation that 
the pancreas, like most other organs of the body, possesses the power 
of adaptation to varying conditions, and that the composition of pan- 
creatic juice is not constant, but can be modified by different diets, 
particularly with respect to the amounts of the enzymes which it 
contains. Pawlow’s work has been dominated throughout by the 
conception that pancreatic secretion is controlled entirely by a 
nervous mechanism, whose efferent fibres run in the vagus, and whose 
afferent fibres have their origin in the duodenal mucous membrane, 
This view naturally led him to the supposition that the adaptation 
of the pancreas was also dependent on a nervous mechanism: and 
Pawlow holds that the intestinal mucosa contains nerve endings which 
have a specific excitability, such that they react only to the stimulus 
of definite substances and: call forth a secretion of the pancreas in a 
specific fashion. Fat, for example, stimulates certain nerve endings 
in the intestinal mucous membrane, thereby evoking the secretion 
of steapsin in large amount by the pancreas. 

The recent work of Bayliss and Starling on secretin has however 


shown that pancreatic secretion does not depend upon a nervous reflex 
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action, but is normally produced by a chemical substance—secretin— 


acting as a specific stimulus to the cells of the pancreas, It is 
difficult to over-estimate the importance of this observation. Amongst 
other results it throws doubt on the nervous theory maintained by 


Pawlow and offers. 


The majority of the observations on the adaptation of the pancreas 
have been made on the enzymes normally present in pancreatic juice ; 
and considerable difficulties arise in the estimation of the amount of 
enzyme formed in response to different diets since the amount of 
enzyme secreted varies inversely with the rate of secretion of juice, 
and the rate of secretion is different for each food-stuff. For this and 
other reasons, it was found more satisfactory to follow Weinland and 
work with lactase, which converts lactose into galactose and dextrose. 
This enzyme is absent from the pancreatic juice of adult dogs, though 
it is present in extracts of the pancreas of most young animals; 
consequently, the mere appearance—even in small amount—of lactase 
in pancreatic juice as the result of a diet containing lactose furnishes 
conclusive evidence of adaptation on the part of the pancreas. More- — 
over, lactose has the advantage of being a normal article of food in 
early life, and can be readily added to or excluded from the diet of 
animals. 

Further, since lactase is in early life a normal constituent of 
pancreatic juice, it seems legitimate to expect that the mechanism 
of adaptation as regards lactase is typical of the general process of 
pancreatic adaptation in response to all forms of diet. 

_ Previous work. Hitherto very little attention has been paid to 
the lactase of the pancreas. The earliest observations on this enzyme 
were made by Fischer and Niebel, who worked with watery extracts 
of the pancreas of the horse and cow and employed the osazone method ; 
they found that such extracts contained no lactase. 

In 1896 Portier repeated these experiments on dogs, also making 
use of the osazone method for determining the conversion of the 
lactose; he obtained negative results. ? 

The investigations of Weinland not only furnish an important 
contribution to our knowledge of lactase, but supply convincing evidence 
that adaptation of the pancreas does occur. Weinland employed 
three methods for ascertaining the presence of lactase, namely, the 
polarimetric method, fermentation with saccharomyces apiculatug and 
the preparation of osazones. He found, however, that it was very 
difficult to separate glucosazone unless it was present in large amount, 
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and he concluded that the presence of albumoses in the solutions 
prevented the formation of typical glucosazone crystals, since even 
after adding dextrose to a watery extract of the pancreas he was - 
unable to demonstrate its presence by the osazone method. Weinland 
used chloroform-water extracts of the pancreas (of dogs), added a known 
quantity of lactose and also toluol, and kept the mixture at 87° for 

24 hours, The solution was then acidified and boiled, and the proteids 
removed by means of potassic-mercuric iodine; the clear filtrate was 
examined polarimetrically. 

He found that, with one or two exceptions, the pancreas of dogs fed 
on a diet free from milk contained no lactase. On the other hand, 
extracts of the pancreas of dogs fed for several days on milk, sometimes: 
with the addition of lactose, invariably contained lactase in considerable 
amount; in some experiments he obtained conversion of 50°/, of the 
lactose added to the- pancreatic extract. In one experiment an extract 
of the pancreas of three sucking puppies three weeks old contained 
lactase. 

. In a second paper Weinland attempted to ascertain how a milk 
diet caused the formation of lactase by the pancreas. He found that 
the pancreas of dogs fed on meat with the addition of milk sugar 
contained lactase, whereas lactose injected subcutaneously for several 
days in succession was ineffective. He also fed a dog for several days 
on meat with the addition of galactose, but found no lactase in the 
pancreatic extracts. From these experiments, Weinland concluded 
that the formation of lactase was not dependent on any direct chemical 
action exerted by lactose or its products on the pancreas; he therefore 
accepted the view that the adaptation of the pancreas to milk sugar 
was brought about by a nervous mechanism. 

Weinland used rather dilute sugar solutions for his polarimetric 
observations ; consequently, a very small increase in the rotatory power 
of his solution represented a large amount of conversion of the lactose, 
and a very small error of reading became a large error as regards the 
degree of conversion represented. In one of his experiments, for 
instance, an increase of 2’ in the rotatory power represented a 
conversion of 20°/, of the lactose present. For this reason his 
figures must be regarded as only approximately correct. es 

Methods. The discovery of secretin has made it possible to obtain 
pure pancreatic juice in large quantities; and the majority of my 
observations have been made with pancreatic juice. Occasionally, 
chloroform-water extracts of the pancreas were used. The juice 
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possesses. many advantages over extracts of the gland, particularly. 

as regards sugar estimations; it contains very little proteid, and the 

question of oxidases, which is involved in all sugar determinations with 

. glandular extracts, does not arise, since they appear to be absent from 

pamereatic juice. Moreover, glandular extracts usually show at first. 

_ only a moderate ferment activity, which gradually rises to a maximum ; 
in dealing with pancreatic juice this point does not need consideration. 
The animals used were almost invariably dogs; a few experiments were 
made on cats. They were fed either on milk or on biscuits.. The dogs 
fed on milk received about two pints of milk daily for two or three 
weeks as a rule, sometimes for as long as two months. In some 
experiments an ounce of pure lactose was added to the milk each day 
for a week. The animals were kept without food during the 24 hours 
preceding an experiment, in order that the pancreas might be in a 
‘resting’ condition. 

At the beginning of each experiment 4—1 gr. of morphia was given, 
subcutaneously, and the animal was anzsthetised with a.c.E. mixture, 
The abdomen was opened, a small metal cannula was placed in the 

tain pancreatic duct, and the abdomen was then closed by ligatures 
or clips. A cannula was also placed in the jugular vein for the purpose 
of injecting secretin. Asa rile, the blood-pressure was not taken. A 
certain amount of pancreatic juice was collected, and then the animal 
was killed while still anzesthetised. . 

When an extract of the intestine was made the gut was opened 
and washed with water; the mucous membrane was scraped off, ground 
up with sand in a mortar, extracted with chloroform water, and filtered 
through muslin. If the extract was to be used for injection into 

| animals no further filtration was made ; but if the presence of enzymes 
+ was being investigated the extract was also filtered through filter-paper. 
Extracts of the pancreas were made in a similar manner. : 
7 Great care was’ taken throughout the course of the research to. 
* prevent any dogs from having milk, unless they were on a milk diet. 
The biscuit-fed and milk-fed dogs were kept in separate compartments, 
| and it was impossible for the biscuit dogs to obtain any milk. 
re The occurrence and degree of conversion of lactose into galactose 
and dextrose by the enzyme lactase was estimated volumetrically with 
Pavy’s solution in all the experiments. This method has been shown 
by Croft Hill to be extremely accurate, provided that the experimental 
Pe, conditions are kept uniform, and I have found that it yields very 
constant and reliable results. In a considerable number of experiments 
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this method was checked and the results controlled by the preparation 
of osazones and by the fermentation method. 

The Pavy’s solution was freshly prepared for each set of estimations, 
and for most of the experiments was made up as follows :— 


Fehling solution (freshly made) 120c.c. 
Ammonia (sp. gr. 880) 300 c.c. 
Distilled water to 1:000 c.c. 


Vernon found that in estimating lactose by this method, with 
solutions containing 300 c.c. of ammonia to the litre, the ammonia often 


boiled away before the copper was completely reduced. He therefore 


used solutions containing 400 or 500c.c. of ammonia. As a rule, I 
have not met with the difficulty experienced by Vernon, and have 
— only occasionally used such modified Pavy’s solution. 

It is found that the amount of dextrose required to reduce the 
solution varies ‘to some extent with variations in the amount of 
ammonia used; hence in estimating solutions of pure lactose or 
dextrose, I invariably used the ordinary Pavy’s solution, and only 
occasionally used the modified Pavy’s fluid for comparative estimations, 
in which the absolute strength could be ignored. 

The sugar solutions were usually made up to a strength of about 
1°%/,, s0 that approximately 5c.c. had to be added to 50c.c. of Pavy’s 


solution for its complete reduction. The titration was carried out in a 


small flask having a cork fitted with two tubes; the one for the escape 
of the ammonia was drawn out to a fine point, so that there was a 
considerable pressure of ammonia vapour in the flask, and the initial 
boiling point was thereby raised; the other tube was connected to the 
burette by a long glass and rubber tube, so as to prevent the solution 
m the burette from being heated by the flame. The flame was of such 
a size that boiling occurred vigorously without violent ebullition. 
50c.c. of the Pavy’s fluid were placed in the flask, brought to boiling, 
and after half-a-minute the sugar solution was added and the mixture 
allowed to boil for about seven minutes. If complete reduction occurred 
before this time the estimation was repeated, using less sugar solution, 
till a point was reached at which complete reduction just occurred in 
approximately seven minutes. Two or three estimations were made, 
and the mean taken. The experimental error probably does not exceed 
0'l c.c. and is certainly not as mach as 0°2 cic. 

Two samples of lactose were used in these experiments ; onl was 
estimated and compared with pure dextrose and galactose by Pavy’s 
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method. Some divergence of opinion seems to exist as to the reducing 
power of lactose (by Pavy’s method); possibly this is due, as Vernon 
suggests, to the use of anhydrous lactose by some observers, and of 
lactose containing water of crystallisation by others. The following 
represent the reducing powers of these substances for Pavy’s solution :-— 


Neubauer and Vogel ... 525 
My observations ... ... 525 

Galactose and Dextrose ...  ... 98°5 


Athough the theoretical reducing value of fully converted lactose 
is 93°5, I never obtained any figure higher than 88°5, even after 
prolonged boiling with acid. The large difference between the reducing 
_ power of lactose and of fully converted lactose renders Pavy’s method 
particularly reliable, since even a small degree of conversion appreciably 
increases the reducing power. | 
_ In each experiment a strong solution of lactose was prepared, and 
20¢.c. of this solution were placed in each of a number of flasks; one of 
these served as a control. From 4—8c.c. of pancreatic juice were added 
to each of the other flasks, also toluol and some water. One of these 
was boiled immediately for a few minutes to destroy any lactase present. 
These flasks were incubated at 37°C. for 24—48 hours. The solutions 
were then made faintly acid with acetic acid, boiled, filtered, made up — 
_ to a known volume and titrated with Pavy’s solution. The filtrates 

were quite clear, and contained none or practically no proteid, so that 
further treatment for its removal was unnecessary. The minute trace 
of proteid occasionally present in no way interfered with the accuracy 
of the titration. Moreover, any slight loss of sugar in the process of. 
filtering the solution occurred equally in the solution boiled before 
incubation, and in the one which was incubated without previous 
boiling; these solutions therefore were strictly comparable with each 


When extracts of the pancreas or intestinal mucosa were used, the 
solutions were often incubated for 3—6 hours only ; subsequently it was 
found that they could be incubated for 24 hours, though occasionally 
part of the sugar disappeared, presumably by the action of an oxidase. 
One of the sugar solutions after incubation was boiled, filtered and 

tested for osazones or by the fermentation method without being further 
diluted. The detection of the osazones presented certain drawbacks, 
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which were ‘also met with by Croft Hill. It was found that in a mixture 
of sugars such as that under consideration, especially when dextrose was 
present in small amount, the glucosazone crystals were sometimes 
slightly modified in shape, the needles being rather shorter than the 
normal, though still very different from those of lactosazone; it was — 
further found, by using control mixtures of pure dextrose and lactose 
in varying proportions, that the glucosazone would not crystallise a 
when the quantity of dextrose in the mixture fell below 10°/,. 

a result, the osazone method occasionally yielded doubtful i. 
although Pavy's method indicated the presence of dextrose; but in 

a large proportion of the experiments the osazones were perfectly 
definite and characteristic. 

For the fermentation method, saccharomyces apiculatus was used 
in the first instance, the cultures being grown on beer-wort gelatine. 
The cultuzes, however, did not yield very satisfactory results, and 
eventually ordinary yeast, which does not ferment lactose within 
24 hours, was used; control experiments. were invariably made with 
pure lactose and pure dextrose. 

The difference between the rotatory power of lactose and of fully 
converted lactose is comparatively small. 

The figures are as follows :— 


Lactose (a) D = 52°5°. 
Dextrose (a) D = 52°5°. | 
Galactose (a) D = 80°3". 


Lactose converted into galactose and dextrose (a) D = 66°4°. 
Consequently, complete conversion of a lactose solution causes 
@ comparatively small increase in the rotatory power of the solution ; 
in the case of a 1°/, solution, for instance, complete conversion only 
causes a change of 0°14° in the rotatory power. As in my experiments 
the amount of conversion rarely exceeded 30 °/,, and was sometimes 
as low as 10—15 °/,, the difference between the rotatory power of the 
control and the converted solution was extremely small; in fact, unless 
very strong sugar solutions were used, it fell almost within the limits of 
experimental error. However, the strength of the sugar solution was 
kept below a certain limit by the necessity of boiling the solutions 
(before adding the Briicke’s reagent); and caramelisation occurred on 
boiling solutions of more than a certain — For these reasons, 
the polarimetric method was abandoned. 


4% 4 
4 
f 
Be 
§ 
ig 
» 
ig 
rs 
2 
‘ 
A 
x 
a 
a 
a 
“4 


ADAPTATION OF PANCREAS. 105 


THE REACTION OF THE PANCREAS TO A MILK DIET. 


In the first place a number of experiments were made on adult dogs 
fed on biscuits. The pancreatic juice from such dogs never contained 


lactase. It is only necessary to give a protocol of one of the experiments, 
and a table showing the results of the others. 


Exp. I, Dog fed on biscuits for 10 days. Anmsthetised with morphia and 4.0.2. 
mixture. Pancreatic juice collected. 
Lactose solution used contained about 18 %Jo lactose; 20 c.0. of this solution were 
placed in each of three flasks. ; 
Flask 1: 20 0.0. lactose solution diluted up to 250 c.c. 
Flask 2. 20 0,c. lactose solution +5 c.c. pancreatic juice +some water. The mixture was 
boiled for some minutes, then toluol was added, and the flask kept at 37° for 
86 hours. The solution was then acidified with acetic acid, boiled, filtered, 
and made up to 250 c.c. 


. Flask 8. 20c.c, lactose solution+5c.c. pancreatic juice+toluol and some water. The 
mixture was kept at 37° for 36 hours, then acidified with acetic acid; boiled, 


filtered, and diluted to 250 c.c. 
The three solutions were then estimated with fresh Pavy’s solution, using 50 c.c. of 
Pavy in each case. 
Flask 1=38°7 ©.c. 
Flask 8=8°65 


I. Pancreatic juice of bisewit,fed dogs. 
The fignres represent the number of c.c. of the solution, which reduced 50 c.c. Pavy’s 


solution. 

Manion” 
II 6°85 68 

IV 9-0 89 
10-2 10°4 
VI 6°4 6°5 
VII 
Vur 8°35 835 


In the next place, adult dogs were fed solely on milk for periods 
varying from two weeks to two months in different experiments. When 
the milk diet was only given for a short time (say a fortnight) lactose 
was sometimes added to the milk, an ounce of lactose being added 
daily for a week. The pancreatic juice was then collected in the usual 
__ way, and examined for lactase, which was found to be present in every 
; ‘case, The results of eight of these experiments are shown by the 
_ following table, and a — is also given:— 
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106 F. A. BAINBRIDGE. 
Taste II. Action of the pancreatic juice of milk-fed dogs on lactose. 


The figures represent the number of 0.¢. of lactose solution, which reduced 50 ¢.c. of 
Pavy’s solution. 


Duration Lactose § Control lactose+- Lactose+ — 
Experiment of feeding solution boiled juice juice 
I 1 month 5°5 6.6. 20%, 
2 weeks milk + 
i Sox 738 6°6 189 
Ill 1 month 9°4 8°8 14°6 
IV 2 weeks 86 78 21 
12 days 9°65 9°05 14 
2 weeks milk + | 
VII 3 weeks 6°7 6-2 
VIII 6 weeks 46 4°55 4-3 14°83 


Exp. Il, Dog fed on milk for two weeks; one ounce of lactose added to the milk — 
daily for a week. Anmsthetised with morphia and a.c.x. mixture. Pancreatic juice 
collected. 


9-560 grms, lactose were weighed out, and dissolved in 150 c.c. water; 20 c.c. of this 
solution were placed in each of threé flasks. 
Flask 1. 20 c.c.'lactose solution diluted to 200 c.c. 
Flask 2, 20 ¢.c, lactose solution +4 ¢.c. pancreatic juice +toluol+some water. Incubated 
at 37° for 20 hours. Solution then acidified with acetic acid, boiled, filtered, 
and made up to 200 6.0. 
Flask 8. 20 lactose solution + 4 ¢.0. juice +eome water. Boiled for several 
| minutes, then incubated at 37° for 20 hours. Solution then acidified with 
acetic acid, boiled, filtered, and made up to 200 c.c. 
The three solutions were then titrated with Pavy’s solution, using 50 c.c. ery th 
each case. 
Flask 1. 17°3-c.0. 
Flask 2. 6°6 maa 50 ¢.c. Pavy. 
Flask 3. 7:2 


This represents a conversion of 18-9 °/, of the lactose. 


In five of the eight experiments given in Table II, Pavy’s method 
was controlled by the preparation of osazones and by the fermentation 
method. Both these methods-yielded positive results in each case. 

A few experiments were made with extracts of the pancreas instead 
of juice. The results were similar to those obtained with pancreatic 
juice, though in some cases the conversion was more marked; But, as 
a rule, even pancreatic extracts never produced such a large degree of 
conversion as was obtained by Weinland, who invariably used = 
extracts. 

The results are given in the following table and protocol:— : 
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Taste III. Action of chloroform-water extracte of pancreas of milk-fed 
dogs on lactose. 


The figures represent the number of c.c. of the lactose solution, ee te 
Pavy’s. solution. 


0.0. 5°95 62°5 9), 

Ill 5°5 12°5 


Exp. II. Panoreas of milk-fed dog minced, ground up with sand shd extrected with 
chloroform water. 


' Flask 1. 200.0. pure lactose solution made up to 200 c.c. 


Flask 2. Extract of pancreas +20 c.c. lactose solution + toluol. at 87° for 


18 hours. The mixture, which was neutral, was acidified with acetic acid, 
boiled, filtered, and made up to 200 ¢.c. 
Titration with Pavy’s solution. 


=650 ¢.c. Pavy’s solution. 


This represents an inversion of 62°5 °/, of the lactose. 


As these experiments show, the amount of lactase is not soynsialiy 
greater after prolonged periods of a milk diet than after the short ones; 
apparently, the amount of ferment secreted reaches a certain point after 


a few days on the milk diet, and is then maintained at that. level. 


Vassiliew obtained similar results in the case of the proteolytic and 
amylolytic enzymes. It may be remarked that the dogs remained in 
good health on a milk diet, though they did not gain weight. The 
nature of the experiment did not make definite conclusions possible, but 
it appeared that, in response to similar doses of secretin, dogs fed on 
milk secreted less pancreatic juice in a given time than did biscuit 


dogs. 


’ Ina certaip, number of experiments the pancreatic extracts of young 
suckling puppies and kittens were examined and were found to contain 
lactase; and there is every reason to suppose that lactase is a normal 
constituent of the pancreatic juice of young animals, and gradually 
disappears when they cease to live on a milk diet. 

These experiments show clearly that lactase is absent from the 
pancreatic juice of adult dogs, unless they are fed on a milk diet, when 
it invariably makes its appearance in the juice. They furnish satisfac- 
tory evidence that the pancreas does adapt itself to differences of diet 
by modifying the composition of its secretion as regards the enzymes ; 
and probably the formation of lactase in response to a milk diet may be 
taken as typical of the reaction of the pancreas to all forms of food. 
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108 BAINBRIDGE. 
THE SPECIFIC NATURE OF THE REACTION. 


Ity was first shown by Dastre that lactose is converted into galactose 
and dextrose by extracts of the intestinal mucous membrane; and his 
observations have been confirmed by Fischer and Niebel, by Pawtz 
and Vogel, by Rohemann, and more recently by Weinland, who 
showed that lactase is present in the intestinal mucous membrane of 
adult dogs, even when they are kept on a diet free from milk. Fischer 
states that lactase is present in increased amount when the sits are sig | 
on milk for a time. 

I have made a number of experiments with ¢ extracts of the mucous 


- membrane of the small intestine of dogs, usually comparing it simul- 


taneously with pancreatic extracts or juice from the same animal. 
Some experiments were also made with the alimentary mucous mem- 
brane of puppies and kittens and one calf. In all cases lactase was 
present, even in adult dogs fed on biscuits. One or two observations 
were made on the mucous membrane of milk-fed dogs, but the amount 
of lactase was not noticeably larger than in biscuit dogs. In the case of 
milk-fed dogs, however, the presence of pancreatic juice in the intestine 
introduces a possible source of error; and it was impossible to be certain 
that the amounts of intestinal extracts added in different experiments 
were comparable in respect to their ferment content. 
The results are illustrated by the following table and protocol :— 


Taste IV. Action of chloroform-water extracts of the mucous membrane 
of the small intestine on lactose, 
The figures represent the number of ¢.c. which reduced 50 c.c. Pavy’s solution. 
: Lactose boiled extract Degree of 


| solution extract (gut) (gut) juice conversion 
Biscuit dog I 7°5 Gloc  42°4°%, 
Calf’s gut 7°95 5°95 57°0 
IV 5°53 6.0. 5°20 12°5 


Exp. IV. Biscuit-fed dog anmsthetised with morphia and a.c.x., and juice collected 
in the usual way. Subsequently, the mucous membrane of the duodenum was scraped off 
and extracted with chloroform water. 

Flask 1. 40 6.0. solution of pure lactose made up to 250 ¢.c. 
Flask 2. 40 lactose solution +4 ¢.c. pancreatic juice + chloroform. Kept at 87° for 
24 hours, acidified, boiled, filtered, made up to 250 o.c. 
Flask 8. 40.0. lactose solution + extract of mucous brane+chloroform. Incubated 
for 24 hours, boiled, filtered, made up to 250 0.0. 
Flask 1. 7°65 c.c. 
Flask 2. 75 natn. 
Flask 8. J 
The mucous membrane exact converted 427" of the 
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The question whether lactase passed from the duodenum into the 
blood-stream, and was simply picked out and secreted by the pancreas, 
had therefore to be considered. The fact that no lactase occurs in the 
pancreatic juice of biscuit-fed dogs, although it is abundant in the 
intestinal mucous membrane, is strongly opposed to such a view. But, 
it seemed possible that on a milk diet, the amount of lactase in the 
mucous membrane might be increased to such an extent that some 
ferment entered the blood-stream and appeared in the pancreatic juice. 
However, this does not occur, as is shown by two sets of experiments. 

In the first place, extracts of the intestinal mucous membrane of 
biscuit-fed dogs were injected subcutaneously into other . biscuit-fed 
dogs on one or more days in succession. The juice of the latter was 


then collected: and examined for lactase, but invariably with a negative 


result. Such extracts always contained lactase, and in all probability 

the enzyme entered the circulation; yet the pancreas did not pick i 

out of the blood and secrete it in the juice. | 
The following protocol illustrates this type of experiment :— 


_ ‘Exp. V. A biscnit-fed dog was killed, the mucous membrane of the small intestine 
was scraped off, extracted with chloroform water, and filtered through muslin. 
July 22nd. 40 c.c. of this extract injected subcutaneously into a second biscuit dog. 
- July 28rd. The injected dog, which had not been fed since the injection, was anws- 
thetised and pancreatic juice collected. 3 
Flask 1. 20 c¢.c. lactose solution made up to 250 c.c. 
Flask 2. 20 0.¢. lactose solution +2 ¢.c. pancreatic juice+toluol. Incubated at 37° for 
48 hours, then acidified with acetic acid, boiled, filtered, and made up to 
250 c.c. 
Flask 8. Mixture as in Flask 2, except that it was boiled at once, and then incubated. 
Flask 1. 526.0. 
Flask 2. 51 c.c. Pavy’s solution. 
Flask 8. 5°2 


The pancreatic juice contained no lactase. 


In a second set of experiments, pancreatic juice from milk-fed dogs 
and therefore containing lactase, was injected subcutaneously into a 
biscuit dog, and on the following day the juice of the latter was 
collected and examined; in such experiments, the pancreatic juice of 
the injected dog contained no lactase, as is shown by the following 
protocol :— 


Exp, VI. Jan. 18th, Pancreatic juice collected from » dog fed on milk for 3 weeks ; 
lactase was present in fair amount in this juice. 

15 ¢.c. of pancreatic juice injected subcutaneously into a small biscuit-fed dog. 

Jan. 14th, Pancreatic juice was collected from the injected dog. 
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Flask 1.. .20.¢.0. lactose solution made up to 150 c.c. 
Flask 2. 20 ¢.¢. lactose solution+5 ¢.¢. juice+toluol. Incubated at 87°, 48 hours. 
: Solution then acidified, boiled, filtered, and made up to 150 .c. 

Flask 8. 20 ¢.0. lactose solution +5 c.c. juice. Boiled for some minutes, then incubated 
at 87° (toluol added). Then acidified, again boiled, filtered and made up to 

Flask 1. 
Flask 2. 7°7 
Flask 8. 17°65 


en the results of these experiments it may be concluded that 


the lactase is not derived from the lactase of the intestinal mucous — 


membrane, but is formed by the pancreas itself in response to a milk 
diet. 

On @ priori grounds, one ‘would naturally expect that lactose was 
the particular constituent of milk, which actually evoked the production 
of lactase by the pancreas. This has been shown to be the case by 
Weinland, who fed a dog for some days on biscuits and lactose only, 


and found that the pancreas contained lactase. Weinland suggested — 


the possibility that the productidiof-lactase might be due not directly 
to the milk sugar, but t¢ the products of the conversion of milk sugar. 
It is obvious that dextrose has no influence on the formatica’ef lactase, 
and Wein land showed by experiment that galactose given by the mouth 


was quite ineffective. I have confirmed his observation as regards — 


galactose. The following is a protocol of the experiment :— 


pancreatic juice was then collected and examined for lactase. 
Flask 1. 20 .c. lactose solution made up to 200 «.c. 
Flask 2. 20.¢.c. lactose solution+4.c. pancreatic juice+toluol. Incubated at 37° for 
42 hours. Acidified, boiled, filtered, made up to 200 c.c. 


Flask 2, 80 


There is therefore no doubt lactose itself is the particular constituent 
of milk which leads to the production of lactase by the pancreas; but 


a further point of great importance must be discussed. Weinland 


raised the question as to whether lactose was absorbed as such from the 
intestinal canal into the circulation, and exerted a direct influence on 
the pancreas, or whether it only acted indirectly. In order to decide 
this point, he injected lactose subcutaneously into a dog for several 
days, keeping the animal during that period on a diet free from milk; 
he found that the extract of the pancreas contained no lactase. I have 
confirmed this obssrvation, which Semana very clearly that lactose, 
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when introduced into the circulation, has no direct action on the 
pancreas, but is only effective in producing lactase when given by the 
mouth. Such a result is entirely in harmony with the facts that 
lactose introduced into the circulation is rapidly eliminated by the 
kidneys, and that it is not normally present in appreciable quantity 
in the blood. : 

Consequently, the formation of lactase by the pancreas is a specific 


. reaction to a diet containing lactose; a reaction which takes place only 


when lactose is given by the mouth. 
Exp, VIII. Bisouit dog injected subcutaneously on four days in succession, with 


25 ¢.c, of a sterile solution of 30°/, lactose. On the fifth day pancreatic juice was 
collected, and examined for lactase. The method of observation was identical with that _ 


employed in the experiments already described. 


No lactase was present. 


THE INFLUENCE OF SECRETIN. 


The important part played by the intestinal mucous membrane in 
the adaptation of the pancreas to food was recognised by Vassiliew 
and Walther, and was still more strongly emphasized by Weinland, 
to whose experiments reference has just been made. All these ob- 
servers, however, considered that the mechanism of adaptation was 
purely nervous, and apart from one or two experiments by Weinland, 
the possibility of a chemical mechanism was not even raised, 

_ My first observations as to the mechanism of adaptation were made 
on the assumption that secretin was not a perfectly definite chemical 
substance, but that secretins made from animals kept on different diets 
might differ to some extent as regards the character of the pancreatic 
juice to which they gave rise. It seemed possible that variations in 
diet modified the kind of secretin produced, and thereby altered both 
the nature of the chemical stimulus reaching the pancreas, and the 
characters of the juice secreted. Secretin made in the ordinary way 
from the duodenal mucous membrane of milk-fed‘Yogs was injected into 
biscuit dogs, and the pancreatic juice of the latter was collected and 
examined for lactase. The results, however, were entirely negative. 
Negative results were also obtained when the mucous membrane was 
incubated with solutions of lactose or partially converted lactose for 
some hours before making the secretin. Secretin from a milk dog was 
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injected subcutaneously into a biscuit dog on two successive days, and 
the pancreatic juice of the latter collected; it also contained no lactase. 

Finally, it was found that. when secretin from biscuit-fed dogs was. 
injected into milk-fed dogs, the juice of the latter contained lactase as 
usual. There is, therefore, absolutely no evidence that secretin takes 
any part in the adaptation of the pancreas to food. On the contrary, 
the facts show that the action of secretin is always the same; it stimu- 
lates the pancreas to secrete a juice containing all the enzymes present 
in the gland at that moment. The amount and nature of the ferments, 
which are present in and secreted by the pancreas at any moment, 
depend not on the action of secretin, but on the previous diet of the 
animal and are quite independent of secretin. This view is fully in 
accordance with the conclusions arrived at by ape. and Starling as 
to the chemical nature of secretin. 

An illustration of this group of experiments may bi given : — 


Exp. IX, The mucous membrane of a milk dog was extracted with a solution of partly 
inverted lactose, and the mixture allowed to stand for one hour; the fluid was then poured 
off, secretin made from the residue and the lactose solution added to the secretin just 
before filtration. 


This secretin was injected into a biseuit-fed dog, and the pancreatic juice collected. 
Flask 1. 25 c¢.c. lactose solution made up to 200 c.c. 


Flask 2. 25 &.c. lactose solution +5 ¢.c. pancreatic juice+chloroform. Incubated at 87° 


for 72 hours. Solution solidified, boiled, filtered, and made up to 200¢.c. 
Flask = 650 c.c. Pavy’s solution. 


No inversion of the lactose occurred. 


THE MECHANISM BY WHICH ADAPTATION IS EFFECTED. 


An.attempt was next made to determine whether unboiled extracts 
of the intestinal mucous membrane had any influence on the production 
of lactase. Extracts of the small intestine were made from milk-fed 
dogs and from biscuit dogs; in both cases, some lactose was thoroughly 
‘mixed with the extract, the mixture allowed to stand for 24—36 hours 
in the cold, and then filtered through muslin. Such an extract was 
injected intravenously into a biscuit dog, and after waiting for an hour 
or two ordinary secretin was injected and pancreatic juice collected. 
These experiments also yielded negative results, 


Exp, X. Extract made from mucous membrane of milk-fed dog with lactose and 
chloroform, allowed to stand for 24 hours, and filtered through muslin, 
Extract injected into biscuit dog intravenously ; after one hour secretin injected and 
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Flask 1. 40 ¢.c. lactose made up to 250 

Flask 2. 40 ¢.c. lactose +5 ¢.c. juice +chloroform. Incubated at 87° for 24 hours, 
Acidified, boiled, filtered, and made up to 250 .c. 

Flask 8. Control exp. with boiled juice. 


Flask 1. 7°35 


Flask 2. 7°35 2 Pavy's solation, 
Flask 3. 75 


Therefore no lactase was present in the juice. 


It then occurred to me that even if the formation of lactase were 
due to a chemical stimulus arising in the intestinal mucous membrane, 
the methods of experiment just described did not allow sufficient time 
for the pancreas to manufacture an enzyme which was not normally 
present in the juice of adult dogs. Consequently, I made chloroform- 
water extracts of the entire mucous membrane of the small intestine 
of several kittens fed only on milk, and injected such extracts sub- 
cutaneously for two days in succession into a biscuit dog. The pancreatic 
juice of the latter was then collected and examined for lactase. In 
subsequent experiments, the intestine of milk-fed dogs was used for 
_ making the’ extracts with two exceptions. The pancreatic juice of the 
injected dog invariably contained lactase. As a rule two injections 
only were given on two successive days, the dog being anzsthetised 
and the juice collected on the third day. The extracts were made with 
as little water as possible, and the bulk of the extract could be injected 
in each experiment. In spite of the inevitable presence of micro- 
organisms in such extracts, the chloroform seemed to inhibit their 
growth, and the dogs showed no signs of infection or illness, except in 
two cases in which injections were made on five days in succession. 
In these two cases the dogs were unwell, although the local inflam- 
matory reaction was not severe; and these were the only experiments 
in which the results were negative. 

It was found advantageous to inject the extract as soon as possible 
after it was made, as the results were less satisfactory when the extract 
was kept for some days before use. Sometimes lactose was added to 
the extract, sometimes chloroform-water only was used; the results 
were much the same in either case. In several experiments Pavy’s 
method was controlled by the fermentation and osazone methods, which 
gave confirmatory results, 
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Taste V. Pancreatic juice of biscuit-fed dogs injected with extracts of the 


intestinal mucous membrane of milk-fed dogs. 


The figures eeeana an number of ¢.c. of lactose solution which redaced 50 c.c. 
solution. 


Lactose Lactove-+ of 
Experiment of lactose juice paner. j conversion 
I 7°4 c.c 6°8 18°1°/, 
8°2 8°2 c.c 7°6 16°5 
Ill 8°2 8°15 7°85 9°7 
IV 795 79 7°65 85 
78 75 
VI 70 7°05 6°75 8°1 
Vil 3°75 20°8 
9°25 8-2 25°9 
Ix 4% 46 0 


The last two experiments were those in which the dogs received 
four and five injections respectively, and | were not in a normal 
condition. 


Exp. XI. Chloroform-water extract made from intestinal mucous membrane of dog fed 


on milk for two months. 
Extract injected into biscuit-fed dog on two successive days. On the: sesonsl = the 
dog was answsthetised, and pancreatic juice collected. 
Flask 1. 20 c.c. lactose solution made. up to 750 c.c. 
Flask 2. 20 ¢.c. lactose solution +4 ¢.c. pancreatic juice + toluol and some water. At 37° 
for 42 hours. Solution then acidified with acetic acid, boiled, filtered, and 
made up to 750 c.c. 


Flask 8. Control similar to Flask 2, but boiling the mixture at once, and then incubating 


for 42 hours. Solution then solidified, boiled, und made up to 750 c.c. 
Flask 1, 


Flask 2. 76 =50 Pavy’s solution. 
Flask 8. 8:2 


Although the degree of inversion produced in these experiments 
is not large, yet in some of them it is as large as that obtained 
with the juice of milk-fed dogs. Moreover, the constancy of the positive 
results gives them an additional weight, particularly as this was the 
only means (apart from a milk diet) by which the appearance of lactase 
in pancreatic juice could be produced ; the other methods used yielded 
uniformly negative results. In addition, the difficulty of obtaining 
sterile extracts of the mucous membrane limits the number of injections 
which can be made, and consequently it is impossible to obtain a 
marked cumulative effect on the pancreas. It is very probable that 
the most satisfactory mode of treating the mucous membrane has yet 
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to be found, but beyond the fact that the action of the extract is 
destroyed by boiling and by standing for some days, nothing has been. 
ascertained in regard to it. Moreover, the actual amount of ferment 
formed is of little importance, since the appearance of enzyme even 
ye amount is quite sufficient evidence that adaptation has taken 
p 


Exp, XII. Extract made from intestinal mncous membrane of milk-fed dog, boiled and 
filtered. Two injections made into biscuit-fed dog on successive days. On the third day 
the dog was anwsthetised, and pancreatic juice collected. __ 

Flask 1. 20 ¢.c. lactose solution made up to 200 c.c. 
Flask 2. 20 c,¢. lactose solution +8 c.c. pancreatic juice + toluol + some water. Incubated 
| at 37° for 24 hours. Then solidified with acetic acid, boiled, filtered, and 
made up to 200 c.c. 
Flask 8. 20 ¢.c. lactose solution+3 c.c. pancreatic juice + water. Boiled ‘at once, then 
kept for 24 hours at 37°, then solidified with acetic acid, again boiled, 
filtered, and made up to 200c.c. 
Flask 1. 6-9 
Flask 2. 6°85 | = c.c. Pavy’s solution. 
Flask 8. 6°85 
Therefore no appreciable inversion of the lactose occurred. 


The experiments described in an earlier section seem to me to 
negative the possibility that the lactase secreted by the pancreas is in 
any way derived from the lactase present in the extracts used for 
injection. It must therefore be concluded that extracts of the intestinal 
mucous membrane of milk-fed dogs contain some substance which 
stimulates the pancreas to produce lactase. This substance, which is 
only formed in the mucous membrane as the result of a diet containing 
lactose, is. normally carried in the circulation to the pancreas, upon 
which it exerts a specific action giving rise to the formation of lactase 
by the latter. The nature of this substance is as yet absolutely 
unknown. The process presents an obvious analogy to the action of 
secretin, but it is more complex in that it evokes the production of 
a new ferment, whereas secretin merely causes the secretion of pre- 
existing ferments. | 

The production of lactase by the pancreas as a result of the 
subcutaneous injection of intestinal extracts made from milk-fed dogs 
conclusively shows that adaptation is not invariably dependent on 
@ nervous reflex originating in the duodenal mucosa, since the adapta- 
tion may be produced in a dog to which no lactose at all has been 

ven. 
. Moreover, if lactose is injected into the duodenum of a dog during 
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life, and lef there for some hours, no lactase is Ee in the pancreatic 
juice subsequently collected from that dog; I made several such 
experiments, all of which yielded negative results. Far from giving 
any support to Pawlow’s theory that the mechanism of adaptation 
is nervous, these observations suggest that the reaction of the pancreas 
to lactose is a purely chemical process, though the characters of the 
experiments render it impossible to isolate the pancreas from the 
nervous system, and absolutely to exclude the possibility of nervous 
impulses. The evidence of the chemical nature of the reaction is 
therefore not so complete as in the case of secretin, The gradual 
development of the adaptation to a maximum point and its subsequen 
maintenance at that level also seems to me much more in accordan 
with the chemical than with the nervous explanation of adaptatiop. 
In some respects the process resembles the production of immuni 
although it is fot strictly analogous to any of the recognised immunt- 
sation processes. 

On the ground of these experiments, I hold that the adaptation o 
the pancreas to a diet containing lactose is brought about by a chemical 
mechanism; by the action of lactose on the intestinal mucous membrane, 
some substance is produced which acts as a specific chemical stimulus 
to the pancreas, causing it to form lactase; the reaction is produced 
slowly, and reaches its maximum gradually, 

Although it is perhaps hardly justifiable to extend the conclusions 
arrived at from the investigation of lactose to the whole question of 
adaptation to diet, it seems probable that the mechanism is the same 
_ for all the enzymes, and that the response of the pancreas to other 
forms of diet is also a chemical process. However, the observations of 
Vassiliew and Walther were made on dogs having a permanent 
pancreatic fistula, and the ferments studied were those normally present 
in pancreatic juice; and one must admit the possibility of a nervous 
mechanism as regards these ferments. But the experiments with lactose 
suggest that the mechanism of adaptation in the case of the other 
ferments should also be attacked from a chemical rather than a nervous 
point of view. 

The existence of a chemical mechanism for the adaptation of the 
pancreas is merely a natural corollary to the chemical mechanism of 
normal pancreatic secretion; since it was the discovery of secretin which 
provided the means of carrying out these experiments, and indicated 
the lines along which investigations should be made. But the 
mechanism, though in each case chemical, is not of exactly the same 
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nature; the stimulus of secretin calls foith an immediate response on 
the part of the pancreas, whereas the specific — of the food-stuff 
has a slower, but more prolonged effect. 

Hence, secretin evokes the secretion by the pancreas of all the 
different enzymes present in the pancreas at the time; and the actual 
composition of the juice as regards its ferments for any given meal 
depends mainly on the previous diet of the animal, and little if at all 
on the nature of that particular meal, except in so far as the nature of 
the food determines the amount of hydrochloric sa secreted by the 
stomach. 

The influence of diet in modifying the nature ane amount of the 
enzymes secreted by the pancreas has some bearing on the time of 
appearance of the ferments after birth. Apparently lactase is not 
present in the pancreas at birth, although it makes its appearance 
certainly within ten days and in all probability earlier. I have made 
one experiment on the pancreas of a new-born child, which had © 


received no milk, and also on three puppies taken away from the 


mother and killed almost immediately after birth; in both cases, 
extracts of the pancreas contained no lactase, although it was present 
in the intestinal mucous membrane of the puppies. Here again the 
secretion of lactase by the pancreas occurs in response to the milk diet, 
and the presumption is that the adaptation takes place in the same way 


as in adult dogs. If this proves to be the case, it is possible that the 


same process may occur as regards the amylolytic ferment, and that the 
absence of this enzyme in early life is due to the lack of an adequate 
chemical stimulus for its secretion. 


Exp. XIII. Chloroform-water extracts made from the pancreas and intestinal mucosa 
of three new-born puppies, never fed on milk (the stomach showed no evidence of milk). 
Flask 1. 20.0. pure lactose solution made up to 200 c.c. 

Flask 2. 20 c.c. lactose solution + pancreatic extract + toluol and some water. Incubated 
_ fat 87° for 24 hours. 
Flask 8. Control with pancreatic extract, boiled before incubation. 
Flask 4. 20.0. lactose+ extract of intestinal mucosa +toluol and water. Incubated at 
| 87° for 16 hours. 
Flask 5. Control with intestinal extract, boiled before incubation. 
After incubation, the Ruld tn flask was ‘mado faintly acid with soctio acid, boiled, 
filtered, and made up to 200 c.c. 
On titration. 
Flask 1. 6°8 c.c.) 
Flask 2. 69 
Flask 3. 6°85 |\.=600c.c. Pavy’s solution. 
Flask 4. 4°8 
Flask 5. 68 
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SuMMARY AND CONCLUSIONS. 


L._ The pancreas of adult dogs normally contains no lactase, although 
this enzyme is present in extracts of the intestinal mucous membrane 
of such dogs; yet when dogs are fed for two or more weeks on a milk 
diet their pancreatic juice obtained by means of secretin invariably 

II. The formation of lactase by the pancreas is a specific reaction 


to lactose ; it occurs only when lactose is given by the mouth, and not : 


when it is injected subcutaneously. 
The results embodied in conclusions I and II confirm the previous 
observations of Weinland and others. 


IIL. The lactase of the pancreas is in no way derived from that 
present in the intestinal mucosa; it is formed by the pancreas itself, 
and represents a definite adaptation to a milk diet on the part of 
the pancreas. 

IV, The subcutaneous injection of extracts of the intestinal mucous 
- membrane of a milk-fed dog into a biscuit-fed dog causes the pancreas 
of the latter to produce lactase; this is the only means apart from 
a milk diet, by which the pancreas can be made to manufacture lactase. 
Extracts of the intestinal mucosa of biscuit-fed dogs are ineffective. 


V. The adaptation of the pancreas to lactose is carried out by 


a chemical mechanism. Lactose acts upon the intestinal mucous — 


membrane to produce some substance, which is carried in the blood- 
stream to the pancreas, and stimulates the pancreas to form lactase. 


VI. Secretin appears to have a definite composition, is in no way 
modified by difference of diet, and is not concerned in the adaptation of 
the pancreas to food; it calls forth the secretion by the pancreas of all 
the enzymes present in the gland at the time. 


VIL. The pancreas of new-born puppies contains no lactase, 
although the enzyme makes its appearance within a few days. It 
has not yet been determined how far this process is also a chemical 
adaptation. The presence of lactase in the pancreas of puppies had 
been shown already by Weinland. 


It is my duty to state that the research described in this paper 
_ represents work done by me as research scholar to the British Medical 


Association; the expenses of this research were partly defrayed by 


a grant from the Royal Society. 
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I wish to express my thanks to Professor Starling both for per- 
mission to work in his laboratory and for frequent advice and help 
in the carrying out of these experiments. 
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ON THE PHYSIOLOGICAL ACTION OF THE AL-° 
KALOIDS OF JABORANDI LEAVES by C. R. 


MARSHALL’. (Nineteen Figures in Text.) 


(From the Pharmacological Laboratory, University College, Dundee.) 


Introduction. 
General action of pilocarpine and iso-pilocarpine. 
Action of pilocarpine and iso-pilocarpine on the circulation. 
Effect of iso-pilocarpine on salivary glands and pupil. 
Place of action of pilocarpine. _ 

Effect of pilocarpine during vagus stimulation. 

Effect of successive doses of pilocarpine. 

_ Effect of pilocarpine on vagus irritability. . 

Some abnormal effects of pilocarpine and vagus action. 
Combined action of pilocarpine and atropine. 
Action of pilocarpidine. | 
The question of a fourth alkaloid. 4 
The active radicle in pilocarpine. 


THESE physiological investigations were made in conjunction with the 
chemical investigation of Jowett”. He has shown that jaborandi 
leaves contain three alkaloids, pilocarpine, iso-pilocarpine and pilocarpi- 
dine, and no others. Pilocarpidine is only found to a slight extent in 
true jaborandi (Pilocarpus jaborandi). Iso-pilocarpine occurs along with 
pilocarpine in P. microphyllus also. The two last-named alkaloids are 
stereo-isomers and consist chemically of a methyl-glyoxaline group united 
to a homopilopic radicle. | 

Previously the three alkaloids, pilocarpine, pilocarpidine, and 


jaborine were believed to exist in this drug; jaborine having an action © 
antagonistic to pilocarpine. Pilocarpine was further thought to be a 


1 A brief account of a portion of this research was given before the Pharmacological 
Section of the Brit. Med, Assoc. in 1900 (see Brit. Med. Journ. 1. p. 1075. 1900). 


1903. 


* Journ. Chem. Soc. xxvii. pp. 478, 851. 1900; ixx1x. pp. 680, 1331. 1901 3; LXXxI. p. 438. 
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betaine cain of trimethylamine and §-pyridine-a-lactic acid’, and 
its constitution was said to have been established by partial synthesis. 

The .physiological experiments were mainly directed to the deter- 
mination of the relative activity of the different alkaloids and the 
presence of a substance possessing an atropine action. Unless otherwise 
stated the alkaloids were used in the form of salts—almost invariably 
the nitrate—but the dose given was calculated according to the amount 
of base, not of salt, present. Generally, solutions of the salt containing 
1 per cent. of the alkaloid were made by dissolving the corresponding 
amount of salt in previously boiled distilled water. From these the 
dilute solutions were prepared by adding the proper amount of 0°6 per 
cent. NaCl for frogs, or 0°9 per cent. NaCl for mammals. The 1 per 
cent. solutions were administered as such without addition of NaCl. 


THE GENERAL ACTION OF PILOCARPINE AND ISO-PILOCARPINE. 


The general effect of these two alkaloids is the same; the difference 
is simply quantitative. This was evident in all the experiments made— 
on frogs, rats, rabbits, and myself. In frogs the only notable symptom 
after small doses was an increase in the moisture of the skin; after 
large -doses there was dryness of the skin, contraction of the 
pupils, deeper, slower breathing, and lethargy. The tetanic attacks 
described: by Murrell* I never observed. Increased sensitiveness to 
touch is sometimes sten as a late symptom—a slight twitch of both 
hind legs occurring on touching one of them—but I have not obtained 
anything more than this from ‘01 g. pilocarpine or ‘066g. iso- 
pilocarpine. It may be that a difference exists in different frogs to the 
action of pilocarpine, but I have only found that strong fresh frogs bear 
it better than those kept in confinement. | 

The smallest dose of pilocarpine producing an eumenisbie effect 
(increased moistness of the skin) was found to be 0°:00005 g. (0°5 cc. 


-1—10,000 solution) for a medium-sized frog. Iso-pilocarpine 0:00025 g. 


(‘5 ce.¢ 1—2000 solution) proved somewhat more active. Comparison 


of 0°01 g. (1 cc. 1 per cent. solutions) of the two alkaloids showed 


pilocarpine to be the more powerful, but 0°066 g. iso-pilocarpine proved 


1 O. R. de VAcad, d. Sc. om. pp. 1116, 1251, 1562. 1886; om. p. 277. 1886; cv. p. 68. 
2 My experiments were made on frogs (R. temporaria) caught in August and 
* Year-book of Pharmacy, 1875, p. 579. 
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more active than 0°01 g. pilocarpine. The relative strengths of the two 
alkaloids as regards thoir action on frogs is about 1 to4. — 

An interesting point in connection with the action of these drugs on 
frogs is the fact that large doses cause less secretion from the skin 


glands than moderate doses. After 0°01 g. pilocarpine the skin becomes 


drier than normal, and continues so for several days, whereas one-tenth 
this dose will cause an increased secretion lasting almost the same length 
of time. In all probability the explanation is to be found in a paralysis 
of the secretory mechanism such as occurs in the vagus endings after 
the use of this dose. 

The method of investigation employed was to inject the solution of 
the drug into the dorsal lymph-sac and’ wipe the animal from time to 
time. A shallow layer of water was left in the vessel with the animal 
overnight. 

In rats 0°005 g. pilocarpine and 0°01 g. iso-pilocarpine injected into 
the peritoneal cavity rapidly produced dyspnea and depression, and 
salivation lasting nearly 2 hours. The pilocarpine rat was most severely 
atfected.. A larger dose of pilocarpine (0°02 g.) similarly administered 
produced depression and salivation in two minutes, followed by con- 
tracted pupils, tremors, and deep and quick respiration. Salivation 
became very profuse, rhonchial sounds appeared, and the dyspnoea 
became largely inspiratory. A small motion, followed by two others, 
more abundant, was passed. An hour after the injection the salivation 
was distinctly less and the animal had much improved; after 14 hours — 
there was no apparent salivation; and after 24 hours the animal showed 
only slight depression. 

The experiments on myself brought out the comparative effect of the 
two alkaloids more clearly. At first hypodermic injections were used, 
but later the substances were taken by the.mouth. The symptoms 
were salivation and sweating, and, with curious feeling 
about the eyes and fulness in the head, increased pulse-rate and slight 
nausea, The increased pulse-rate in men which has been described 
by every observer is probably a secondary effect. As a basis of 
comparison the smallest amount of the alkaloids producing distinct 
symptoms under as nearly as possible identical conditions was taken. 
For pilocarpine this was found to be 0°005 g.; for iso-pilocarpine 0°03 g. 
These doses taken before a meal produced very slight salivation in 
10—12 minutes. Iso-pilocarpine therefore, as regards its action on 
myself, is about six times weaker than pilocarpine. : 
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THE ACTION OF PILOCARPINE AND ISO-PILOCARPINE oN THE CIRCULATION, 


To obtain ® more exact idea of the relative action of these two 
substances experiments were made on the blood-pressure. Rabbits 
and cats were mainly used, and an anzsthetic—chloroform or ether or 
both—was invariably given. The animals were tracheotomised, the 
arterial cannula was put into the right carotid artery, and the venous 
cannula (for purposes of medication) almost always into one of the 

right facial veins, so that its opening was flush with the commencement 


of the external jugular. The injected solution therefore aeened the 


heart undiluted by very much blood. 
The effect of pilocarpine is shown in Figs. 1 and 2. Fig. 1 shows 


the action of a small dose (00001 g.); Fig. 2, that of a large dose 
(00025 g.). In both there is a distinct fall in the blood-pressure 


Fig. 1. Rabbit, 1300g. CHOl,. (a)=base-line. (b)=time-marking seconds. 
. (c)=time of injection of pilocarpine. 
Fig. 2. Rabbit. CHCl,. Artificial respiration. 
Reduced a little more than 4 linear. 


accompanied by a marked slowing in the frequency of the heart-beats 
amounting in Fig. 2 to complete cessation for more than 1} minutes. 
The effect of the small dose is very transient; two minutes after the 
injection it had almost passed away ; in three minutes completely so. 
After the larger dose the duration is longer; the blood-pressure is still 
lower and the heart-beats slower than before seven minutes after the 
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administration: three minutes later it had almost reached its previous 
height. The subsequent rise in this case is sotnewhat abnormal and 
the cause not evident. If the vagi are intact both pilocarpine and : 
iso-pilocarpine cause a slight subsequent rise in the blood-pressure, but : 
this is insignificant in amount. If both vagi are cut it does not seem : 
to occur. As is well known section of the vagi has no influence on 
the fall of the blood-pressure and the diminution in frequency of the 
heart-beats produced by pilocarpine. The same may be said of iso- 
pilocarpine. 

The effect of iso-pilocarpine is seen.in Figs. 3 and 4. In Fig. 3 the 
injection of 0°001.g. iso-pilocarpine, followed 11} minutes later by a 


H : Fig. 8. x4. Rabbit, 2050 g. Chloroform, then ether. Upper tracing shows effect of 
i <a 0-001 g. iso-pilocarpine, lower tracing effect of 0°01 g. iso-pilocarpine. Between the 
two parts of lower tracing there is an interval of 22 seconds, a, b, c as before; 
e=tracing taken with Hiirthle’s Feder-manometer. 


second injection of 0°01 g. iso-pilocarpine, is shown. In both cases there 
i 18 @ fall of blood-pressure and a slowing of the heart-beats, but to a 
i much less extent than after the same dose of pilocarpine. To the same 
_ animal 0:066 g. iso-pilocarpine was subsequently given and practically 
i : the same effect as shown in Fig. 4 obtained. This figure (Fig. 4) is 
given to show the effect of a large dose of iso-pilocarpine on an animal 
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to'which no other drug except the anesthetic had been: administered. 
The effect is a typical pilocarpine effect. No further recovery occurred 
than that shown. The respiration ceased, the blood-pressure gradually 
fell, the heart-beats became slower and fuller; and death resulted in 
three minutes. : | | 


Fig. 4. x4. Rabbit, 2000g. Chloroform, then ether. Both vagi cut, 
a, 6, c, e as before. 


Iso-pilocarpine, therefore, acts on the blood-pressure like pilocarpine. 
It is much weaker and it presents one curious difference, viz. increase 
of dose does not produce the same relative increase in effect. The 
reason is not obvious, but I believe it is due to a difference in chemical 
structure which will be referred to later.. It may be mentioned here 
that the vagus nerve reacts to electrical stimulation in the same way 
after iso-pilocarpine as after pilocarpine. It seems to be somewhat 
more depressed in proportion to the effect obtained but that is all. 

It is necessary to draw attention to the fact that pilocarpine and 
iso-pilocarpine do not always produce the same quantitative effect in 
different animals. This appears to be largely due to the anmsthetic, 
an important point which has recently been emphasised by Brodie 
and Dixon. 

_ The relative effect of pilocarpine and iso-pilocarpine was determined 
by injecting successively the drugs into the same animal. It was found 
that for small doses pilocarpine is about 6—8 times more powerful than 
iso-pilocarpine ; for large doses the relation amounted to 20 to 1. This 
. difference naturally follows from what has been said above regarding 

' the disproportion between dose and effect in the case of iso-pilocarpine. 


This Journal, xx1x. p. 98. 1903. 
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THE EFFECT OF 180-PILOCARPINE ON THE SALIVARY GLANDS AND PUPIL. 


Salivary glands. The effect of iso-pilocarpine on the salivary secre- 
tion is similar to that of pilocarpine, and as, far as appearances and 
measurements of the outflow from the mouth go seems to be in much 
the same proportion as their relative action on the blood-pressure. 
The following experiment shows the action of iso-pilocarpine alone. 

Dog. Weight 80kg. 11.5, 1-2g. morphine (as tartrate) injected hypodermically. Later 
chloroform was given and continued throughout the experiment. The arterial cannula was 
placed in the right femoral artery; the venous cannula in the right femoral vein. The 
saliva was collected from the right sub-maxillary duct. 


Time 8.40 8.45* 8.50 8.55 4,0 4,7 
Med. B.P. j§|§§ 49mm. 45 mm. 49 mm. 49 mm. 49%imm. 63mm. 
Saliva in ¢.c. 22 10 08 07 


* At 8.452, 2.0. 1 per cent, solution iso-pilocarpine was injected. The blood-pressure 
immediately fell to 88 mm. but quickly recovered and at 3.46 was 44 mm. 

Pupil. When dropped on to the conjunctiva iso-pilocarpine produces 
at first slight mydriasis and then slight myosis. It seems to. be rela- 
tively weaker as compared with pilocarpine than on other organs, an 
effect which may be due to the fact that strong solutions have to be 
instilled which are absorbed slowlv and are diluted with tears soon after 
instillation. The following protocol of an experiment demonstrates 
its action. 

The experiment was made in a photographic dark-room with one gas burning. The 
size of the pupil was taken by a pupilometer and is expressed in mm. diameter. The eyes 
were directed to the same spot—about 5m. away—whenever observations were made. The 


experiment was done on myself and the observations were made by my assistant, Mr J. H. 
Wigner, Ph.D. No effect on accommodation was noted. 


Time Left eye Right eye 
10.50 50 55 
10.52 0-1 ¢.c. 1 in 80 ilocarpine 
Abont half discharged on chatting 
No pain produced. . 
10.57 65 
11.2 57 | 67 
BA | to 65 
11,12 5°5 to 6°0 5°5 to 6°0 | | 
11,26 01 ¢.c. 1—16 iso- solution dropped 
RecN into eye. t transient smarting. | 
11,32 55 60 
11,42 50 4°65 
11,56 45 40 
12.16 60. 48 
12.26 60 5-0 
12.46 4:5 to 5°0 40 


1.40 63 
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THE PLACE OF ACTION OF PILOCARPINE 


The similarity between stimulation of the vagus and the effect of 
pilocarpine on mammalian blood-pressure and the frog’s heart at once 
suggested to Langley’ an identity of cause; and that the action of 
pilocarpine is mainly, if not solely, on the nerve-endings (or what, for 
convenience, we regard as such) in glands and involuntary muscular 
tissue is now generally accepted. It is, however, occasionally disputed *, 
and I therefore wish to add further evidence from four different but 
closely-allied sources, viz. the effect of pilocarpine during vagus 
stimulation, the effect of pilocarpine on vagus irritability, the effect of 
successive doses of pilocarpine, and the similarity of the unusual effects 
of pilocarpine and vagus stimulation. _. 

If pilocarpine stimulates the so-called vagus nerve-endings in the 
heart, then we might expect to obtain a greatly diminished effect by 
exhausting these nerve-endings prior to the injection of the drug. On 
the other hand we ought to be able to show that the so-called nerve- 
endings are capable of being made more sensitive to stimulation by its 


aid. Both conditions can be demonstrated. We have already seen 


that 00025 g. pilocarpine injected into the external jugular vein of a 
rabbit will produce rapid cessation of the heart lasting more than a 


_ minute, followed by complete and moderately rapid recovery (Fig. 2). 


In many cases such a dose will produce death, the heart failing to 
recommence beating. This almost invariably occurs after the injection 


of 0°01 g. pilocarpine if no other substance has been previously given. 


If, however, the vagus nerve-endings are exhausted by continuous 
electrical stimulation of the vagus trunk the last-named dose can be 
injected with impunity. This is shown in Fig. 5. After having found 
that stimulation of the vagus produced a distinct effect with the 
secondary coil at 30 cm. (a single bichromate battery was used) the coil 
was pushed to 10 cm. and stimulation continued for 49 seconds. The 
coil was then pushed to 0, and stimulation continued. After 28 seconds 
00025 g. pilocarpine was injected with very little effect ; and 81 seconds 
later 0°01 g. pilocarpine was injected with still less effect. The latter may 


- have been due in part to the previous injection, but I have obtained the — 


same immunity with 1 per cent. solutions first used. It was not due 
to the low blood-pressure, since a distinct action can be obtained with 
one-eighth the amount of pilocarpine (0°00025 g.) on a much lower blood- 


t Journ. Anat. and Physiol. x. p. 187. 1875-6. a 
2 Most recently by Matthews. Amer. Journ. of Physiol, v1. p. 207, 1901... 
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pressure (15 mm.), Thirty-seven seconds after the last injection the 
vagus stimulation was stopped without materially influencing the 


Fig. 5. x4. Rabbit, 2850g. Chloroform, then ether. Right vagus cut, a, b, ¢ as before. 
’ @ shows time of vagus stimulation. A. interval of 23 seconds; B. interval of 
_ 82 seconds; C. interval of 20 seconds; D, interval of 40 seconds; Z. interval of 
_ 46 seconds; F. interyal of 11 minutes; G, interval of 9 seconds. : 


tracing, and eleven minutes later the vagus was found to be susceptible 
to stimulation with the coil at 0. Sixteen seconds later the injection of 
00001 g. atropine quickly and completely antagonised the action of 
the pilocarpine. 


The effect of a milder electrical and pilocarpine stimulus is seen in 


Fig. 6. The vagus trunk was stimulated with the secondary coil at 
25 cm. for 171 seconds and then 0°0002 g. pilocarpine was injected. A 
distinct effect was produced, but this is apparently less than that 


J 
ay 
{ 
yh 
ag 
rk 
f 
G 
a ¢ 
“a 
A 
vi 
vat 
Be 
¥ 
= 
2h 
Ad 
= 
| 
r 
@ 
4 
é 


ALKALOIDS OF JABORANDI, 


obtained with half the dose (00001 g.) of pilocarpine previously 
administered. The result is evidently a combined one. In comparison 


the effect of the same dose of pilocarpine subsequently administered is 
shown. 


Fig. 6. x. Rabbit. Chloroform. a, b,c, d as before. Injections of small doses of ethyl- 


pilocarpine and two 0-0001 g. doses of pilocarpine had been previously given. The — 
tracing is continuous except the last portion, which was taken after an interval of 


Instead of exhausting’ the vagus nerve-ends by dbeotzical stimulation 
of the vagus truhk we can do so more effectually by the injection of 
increasing amounts of pilocarpine. Very large doses of pilocarpine may 
then be given without effect. This is shown in the following experiment. 
A rabbit (2250 g.) prepared in the manner previously described, which 
had ‘received four injections of 0°001 g. pilocarpidine, was given at 
4.2 an injection of 0:0002 g. pilocarpine (1 c.c. 1—5000 solution of 
the base). This produced a distinct action, At 411, 0001 g. 
pilocarpine (1 c.c. 1—1000 sol. of the base) was injected with good 

result, and the same dose given at 4.134 produced practically the same 
effect, but before recovery had occurred (4.15) the same dose was given 
and only a alight effect obtained. The dose was repeated at 4.19 
with less result, and was followed at 4.22 by the injection of 001 g. 


: This term is simply used for convenience. . 
PH, XXXI. 
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pilocarpine (1 oc. 1 per cent. of the base). This produced a slight 
_ action, but the subsequent injection of 0-066 g. pilocarpine (1 c.c. 1—15 
sol. of base) at 425 produced no effect whatsoever. © (Artificial 
respiration had to be performed a few times during the experiment.) 
Twenty minutes later the same dose (0°066 g.) of pilocarpine (base) was 
given also without effect (Fig. 7), and 4 minutes later a small dose of 
atropine (00001 g.) was administered to show the extent of the 
sustained pilocarpine action (Fig. 7). 


Fig. 7. Rabbit, 2260g. Chloroform, then ether. a, 6, c, ¢ as before. 
For description see text. tr 


_ To obtain paralysis of the vagus-endings in this way it is necessary 
to inject the pilocarpine solutions at short intervals. If 10 minutes or 
more is allowed to elapse between each injection it is more difficult to 
produce. With such an interval each successive dose produces a typical 
effect unless very large doses have been employed; but usually it is 
noticed that the successive injections gradually lose in effect. If, how- 
ever, long intervals are allowed to elapse between each injection a 
fairly uniform action is obtained. For example, the injection of 0-002 g. 
pilocarpine 45 minutes after the injection shown in Fig. 2 produced 
practically the same effect. is 
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- The third point for consideration is the effect of pilocarpine on the 
irritability of the vagus.. This does not necessarily imply an action on. 
the vagus nerve-endings, but if pilocarpine does stimulate these, we 
ought to be able to show that they can be rendered more susceptible 
to other stimulation by its means; and as, pharmacologically, continued 
stimulation leads to exhaustion, we ought to be able to paralyse the 
so-called vagus-endings with this drug. The latter is easily shown. 
After every moderate dose of pilocarpine the irritability of the vagus 
is found to be diminished, sometimes annulled, during the earlier 
stages of its action, and after large doses complete paralysis is obtained 
for a variable, although usually short time. Later with moderate doses _ 
the irritability is often increased, but with large doses this does not 
occur within a reasonable period. | 

The inereased irritability of the vagus-endings is more difficult to 
demonstrate. Langley’ noticed that in the frog and toad the heart 
during the early stage of the action of aqueous solutions of jaborandi 
became more sensitive to vagus stimulation—that a stimulus previously 
unable to stop the heart would now do so—but he was unable to obtain 
any such effect in mammals. In all probability the solutions used by 
him weré too strong. To demonstrate this action properly one should 
start with solutions not stronger than 1 in 5000 (1 c.c. dose), and still 
weaker solutions are preferable. What amount of pilocarpine will 
suffice in any given case it is impossible to say, but it may be said that 
it should not be such as will induce any great fall of blood-pressure. 
In the last experiment I made to demonstrate this action I commenced 
with an injection of 0:00002 g. (1 c.c. 1—50000 solution) pilocarpine. The 
vagus was almost inactive with the secondary coil at 0. The injection 
produced a slight pilocarpine action, but had no appreciable effect on 
the irritability of the vagus. Pilocarpine 0:00005 (1 c.c. 1—20000) was 
then given with the same result. But after 00002 g. (1 cc. 1—5000) 
pilocarpine had been administered the vagus was distinctly more 
sensitive ; and after the injection of a second and a third similar dose 
the irritability was much further increased. This action can usually 
be obtained; that is to say, the vagus of an animal showing no, or only 
a slight, irritability can be made to give a distinct, even good, vagus 
action by the use of small doses of pilocarpine. I may say in regard 
tothe last and the remainder of the experiments involving stimulation 
of the vagi that in no case has one stimulation been relied on, that 


1 Journ. Anat. and Physiol, x. p. 190. 1875-6. 
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a sufficient. time was allowed to elapse before commencing the experi- 
ment to show that it was not due to any variability in the anssthesia, 
and that the vagus has been stimulated in most cases at one point. 
At the beginning of an experiment the minimal electrical stimulus 
producing a distinct effect was determined and this was repeated until 
the results could be practically superposed. Unless the effect was 
constant such an experiment was not usually proceeded with. In the 
experiment figured (Fig. 8) the best effect I have obtained is shown. 
A cat was chloroformed and prepared in the usual manner. The right 
vagus alone was cut. Stimulation of this with the secondary coil at 
20m, produced a good effect, with the coil at 25cm. no effect. The 

effect with the coil at 28 cm. is shown (A). At 3.42 00001 g. (0°5 cc. 
1—5000 solution) was injected and produced a slight typical action. 
(The injection occupied 23 seconds.) At 3.434 and at 3.454 stimula- 
tion of the vagus with the coil at 28cm. produced no effect. The coil 


was consequently pushed up to 16cm. and then placed at 20cm. In 


- both cases very good vagus effects were obtained. The coil was then — 
put back at 23cm. and the vagus again stimulated. The effect is 
shown at (B), The coil was afterwards placed at 25cm. and the 
effect seen in (C) obtained. This increased sensitiveness of the vagus 
gradually passed away. D is an intermediate stage. The next stimu- 
lation (3.574) showed practically no effect. A second injection of 
0°0002 g. (1 c.c. 1—5000 sol.) pilocarpine was now (3.58}) given. At 3.593 
stimulation of the vagus with the coil at 25cm. produced no result. 
The next stimulation (4.13) is shown at (E). At 4.53 a better effect 
was obtained, and at 4.7} a still better one (F). At 4.11 with the coil 
in the same position nothing resulted, This was repeated again with 
no result and the coil was therefore placed at 23cm. A distinct effect 
was obtained. An injection of 0°0002 g. (1.c.c, 1—5000 solution) pilo- 
carpine with 0°000005 g. atropine was next given and the same pheno- 
_ menon observed, This time there was no preliminary depression of the 
vagus-endings, and the increased susceptibility appeared earlier than 
with pilocarpine alone, This effect is probably a combined effect, and 
I intend to refer to it in a future communication. It may be mentioned 
here that when the two drugs are given in this or somewhat larger doses 
the pilocarpine shows its action first, and in this case the early increased 
sensitiveness of the vagus (H) is mainly a pilocarpine action. The next 
portion of the tracing (I) shows the counteracting effect of the atropine as 
is evident from the fact that at 4.29 and subsequently the effect of vagus 
stimulation was that shown at (H). Later in the experiment 0-0002 g. 
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pilocarpine with 0:00002 g. atropine was injected twice. The sensitive- 
ness of the vagus diminished after the first injection from the condition 
shown at (H) to that shown at (E). Later slight gradual recovery 
occurred. After the second injection the vagus failed to respond with 
the coil at 0, and the experiment terminated. 


Fig. 8. x}. Cat. Chloroform. Right vagus cut. a, b, d, ¢ as before. 
| For description see text. 
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At this point it is well to draw attention to the influence of one 
vagus stimulation on another in an animal under anesthesia. By 
adjustment of an electrical stimulus the vagus can) be made more 
sensitive to a subsequent electrical stimulation, but this influence: is 
transient, and that it is not the cause \of the above phenonenon is 
obvious from the course of the experiment and from the fact that the | 
stimuli used were insufficient and were at intervals too long to produce ~ 
the effect. Moreover I have obtained a considerable amount of other 
evidence bearing on this question during the investigation. The fact, 
however, that an electrical stimulation of the vagus may increase the 
susceptibility of the vagus to further electrical stimulation is of import- 
ance in connection with the mode of action of pilocarpine, The point 
is illustrated in Fig, 9. A rabbit was anesthetised and prepared in the 
usual way, the right vagus at first being alone cut. On stimulation 
it gave the phenomena to be immediately described, but as it was not 
very sensitive the left vagus was divided. Stimulation of this produced 


+ 


B 
Fig. 9. x}. Rabbit, 2kg. Chloroform, then ether. Both vagi cut. (b)=time in seconds, 
(d)=time of stimulation of vagus. Base-line lowered 20mm. Between A. and B. 
an interval of 6 seconds; between B. and C. an interval of 2} minutes. 


a just appreciable effect with the secondary coil at 12cm. (A). The 
coil was then pushed to 0 and the vagus stimulated for 18} seconds, 

after which the coil was placed as rapidly as possible back in its original 
position and the vagus again stimulated. The result is seen to be much 
greater than before (B). After an interval of nearly 2} minutes the 
vagus was again stimulated with the coil in the same position and the 
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effect is seen to be almost as at first. The experiment was again repeated 
with the same result, This effect cannot, however, be obtained in all 
animals, This is probably due in part to the anesthetic, but it is also _ 
due to the difficulty of adjusting the respective stimuli: ( 

A fourth point bearing on this question is the similarity between 
what we might term the unusual effects of vagus stimulation and the 
action of pilocarpine. In some animals, in cats especially, dropped beats 
not infrequently occur with fair regularity in the normal tracing, and 
in these, more especially, continued vagus stimulation often produces 
alternately complete inhibition and more or less escape. In such 
animals the same phenomenon can be obtained by injecting pilocarpine. 
I have also obtained the same effect in rabbits. But commoner than 
this is the production of regularity or irregularity from the opposite 
condition; that is to say, that by an adjustment of the electrical 


_ stimulus a regular blood-pressure can sometimes be converted into an 


irregular one and vice versd. Generally it requires a greater stimulus 
or'more prolonged stimulation to convert an irregular into a regular 
tracing, although this is by no means always the case, as is shown in 
Fig. 10. Both phenomena can be obtained with pilocarpine and iso- 


‘pilocarpine. In Fig. 10, taken from a cat under the influence of chloro- 


Fig. 10. Cat. Chloroform. Right vagus cut. a, b, ¢, das before. Reduced. 


form, the blood-pressure of which had remained regular and, except 
during the injection of 0:0005 g. iso-pilocarpine, constant for 144 minutes, 
the effect of an injection of 0°001 g. (1¢.c. 1—1000 solution) iso-pilocar- 
pine is shown. There is the usual, but in this case somewhat slight, fall 
of blood-pressure; afterwards the pressure becomes decidedly irregular 


— 
a 
i 
pt 
AL: 
4 
A i 
= 
a 
‘og 
| 
q 
4 
~ 
* 


136 ee C. R. MARSHALL. 


(upper part of Fig. 10). This irregularity continued, except during the 
time the vagus was stimulated with the coil at 25cm., to the time 
shown in the second block of the figure. This shows a permanent 
regularity induced by vagus stimulation with the coil at 20 cm., 
18 minutes after the commencement of the injection. Eleven minutes 
later, during which time an injection of 0°002g. pilocarpine had been 
given without inducing any irregularity, this irregularity was obtained 
by stimulating the vagus as shown in the third block of the figure. 
Subsequent stimulation with the coil in the same position only produced 
regularity during the time of stimulation, but by placing the coil at 
16cm. and stimulating, permanent regularity was induced, which was 
converted later into the same irregularity as before by the same strength 
of stimulus. Still later with the coil at 10cm. a regular tracing lasting 
only 30 seconds after the cessation of the stimulus was obtained, and 
still later the irregularity developed during continued stimulation of 
this strength. That the condition is not accidental I have assured 
myself. The same phenomena may be obtained with pilocarpine; that 
is, irregularity may follow an injection of this drug, and, during its 
action at least, an irregular tracing is converted into a regular one. 

The same results have been obtained with iso-pilocarpine as with 
pilocarpine and they consequently need no further description. 

These results are strongly suggestive of an action upon what are 
termed the vagus nerve-endings, and do not support the theory that 
pilocarpine acts directly on cells in the manner usually understood by 
this phrase. The strongest objection to my mind to the theory that 
pilocarpine acts on the fundamental tissue of the heart, is the fact that 
immunity to its action can be so rapidly and totally induced. This is 
not the case, as far as I am aware, with any substance acting directly 
on the muscular tissue of the heart. If for example attempts are made 
to accustom the heart to quinine’ (representing a protoplasmic poison), 
using the least effective doses, it will be found that such injection pro- 
duces its usual effect and that death speedily ensues. Similarly with 
the type of cardiac poisons, digitalin, habituation cannot be induced to 
any noteworthy extent. That the action of pilocarpine is an intra- 
cellular one I believe, but it is primarily upon some portion or con- 
stituent of the cell intimately associated with the action of the vagus. 

In mode of action pilocarpine isa true stimulant to these so-called 
= nerve-endings. Small doses cause an increased sensitiveness ; 


1 Matthews (l.c.) compares with 
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large doses exhaustion and paralysis. And like most drugs wiodising 
a stimulant effect its stimulant action is limited. It is difficult I think 
to explain the following experiment, as well as many other effects, in 
any other way. I noticed that in working with summer frogs after the 
heart had been stopped by small amounts of pilocarpine the application 
of strong solutions would set the heart going again. An example is 
shown in ee following tracing (Fig. as 


Fig. 11. x4. tree, Se. Pithed, 11.0. Heart exposed. Tracing taken with lever 
resting on ventricle. Time 5cm. in 12 seconds. 


11.50, 3 drops 1—500 pilocarpine nitrate solution placed on heart. 
i 2 drops 5 per cent. pilocarpine nitrate applied. 


Later (12.214), 2 drops more of 5 per cent. pilocarpine nitrate were applied. 
Marked slowing occurred at 12.25, then a decrease in force, but no further slowing 


until 12.40, At 12.41 the heart stopped. At 12.42, 1 drop 1 per cent. atropine applied. 
Irregularity in rhythm succeeded by irregularity in force and finally complete regularity 


It was thought at first that the effect might be a purely physical 
one, although the slow return was against this view, but it was found 
that NaCl solutions did not induce it, and this explanation as the sule 
one had to be abandoned. I think, therefore, we must conclude that the 
restart of the heart was due to paralysis of the so-called vagus-endings. 

Although pilocarpine may be regarded as a stimulant to the vagus- 
endings the action cannot be identical with that of electrical stimulation 
of the vagus, since in the case of pilocarpine the possibility of a chemical 
interaction is present. And this, with the fact that pilocarpine once 
injected into the blood must of necessity continue to act until too much 
diluted or until destroyed, explains, I believe, the differences in the two 
cases. Out of many hundred injections of pilocarpine I have only met 
with one condition which presents any difficulty of interpretation. It 
is that under certain. circumstances after the nerve-endings have been 
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habituated to pilocarpine so that large doses (1 per cent. solutions) can 
be injected with little effect, powerful electrical stimulation of the vagus 
will produce a distinct one. At first I thought it was simply due to a 
difference in the intensity of stimulation, but as pilocarpine, even in 
moderate doses, is a much more efficient stimulant of the vagus-endings 
than the most powerful possible electric current, this could not be the 
case, In this, as in all other cases, the injection of the pilocarpine first 
depressed the vagus and it is possible that the explanation may be 
connected with this action. I hope to throw some light on this question 
shortly. 


THE COMBINED ACTION OF PILOCARPINE AND ATROPINE. 


It has been stated and is generally accepted that jaborandi contains 
besides pilocarpine an alkaloid acting like atropine. It was therefore 
necessary, if evidence of this was to be found, to determine the effects 
of the combined alkaloids, using the method I have employed. As far 
as I am aware only a few experiments’ with combined solutions have 
been made; one by Langley’, three by Rossbach*, and one by 
Albertoni*. Langley found that 0°05 g. pilocarpine with 0°0022 g. 
atropine injected into the blood still left the chorda slightly irritable : 
Rossbach that 0°05 g. pilocarpine with 00004 g. atropine injected into 
the pad of the right hind-foot of a kitten, caused sweating of the left, 
but not of the right foot; that 0015 g. pilocarpine with 00005 g. 
atropine injected into the pad of the right hind-foot caused at first 
profuse sweating, but after this was wiped away (2 minutes after) no 
further secretion, even on stimulating the sciatic nerve. The left pad 
sweated from 10 to 30 minutes after the injection. The third experiment 
with 0°02 g. pilocarpine and 00005 g. atropine gave similar results. 
Albertoni’s experiment will be mentioned later, 7 

My own experiments consisted in injecting combined solutions of 
pilocarpine and atropine in the form of salts into the external jugular 
vein and testing the action of the vagus. The results were fairly 
uniform. About 0:00001 g. atropine was found sufficient to antagonise 
0:0002 g. pilocarpine, both in rabbits and cats, and half this quantity of 


1 Since this was written, Sollmann (Amer. Journ. of Physiol. x. p. 852) has’ recorded 
some experiments with combined solutions on the development of the embryos of the 
sea-urchin and star-fish. | 

? This Journal, t. p. 861. 1878. 

3 Arch. f. d. ges. Physiol. xxt. p. 8. 1880. 

4 Arch. f. exp. Path. u. Pharm, xt. p. 418. 1879, 
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atropine with the same amount of pilocarpine could be detected, This 
is illustrated in Fig.12. The tracing was taken from acat. Chloroform: 
was used as an anzsthetic throughout, and the right vagus alone was cut. 
Stimulation of the distal portion of this produced a slight effect with the 
secondary coil at 22 cm.; with the coil at 23 cm. no effect was obtained. The 
injections shown in the figure were then made. With 0:0002 g. pilocarpine 


Fig. 12. x%. Cat. Chloroform. Right vagus cut. 4a, b, c, d, ¢ as before. 


a distinct effect, manifest mainly in the regularity of the tracing, is seen. 


Salivation quickly commenced and the vagus remained as susceptible as 
before. Fourteen and a half minutes later the same dose of pilocarpine 
with 0000005 g. atropine (as: sulphate) was given. The pilocarpine 
effect was more transient. Stimulation of the vagus with the coil in 
the same position produced at first no distinct effect and then a just 
appreciable one. The salivary secretion increased. Fifteen minutes 
later the same dose of pilocarpine with double the dose of atropine 
(000001 g.) was given. This time there was no effect on the blood- 
pressure, Stimulation of the vagus with coil at 22 cm. had ‘no effect 
until 11 minutes after the completion of the injection and then only a 
slight effect was obtained. The flow of saliva increased for a short time. — 
This experiment shows practically one limit of the antagonism of 
pilocarpine and atropine, viz. the smallest, amount of atropine that will 
influence the smallest efficient dose of pilocarpine. This is seen to 
be one-fortieth the amount of pilocarpine present. The opposite limit 
—the smallest dose of atropine antagonising a large amount of 
pilocarpine—has not been determined, but it has been approached in 
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the following experiment, which is otherwise more instructive than the 
determination of the actual amount of atropine which would have 
completely and permanently antagonised the given quantity of pilo- 
carpine. A rabbit (1800 g.) was prepared in the usual way and the 
right. vagus cut, Stimulation of this with the secondary coil fall up 
produced a distinct but only slight effect. 1 c.c. of saturated solution of 
pilocarpine nitrate (about 10 per cent. pilocarpine) containing 00001 g. 
atropine (as sulphate) was injected and a distinct pilocarpine effect 


Fig. 13. Rabbit, 1800g. Chloroform, then ether. Right vagus cut. a, b, c,d, ¢ as before. 
Interval between two parts of upper tracing, 50 seconds; between upper and lower 
tracings, 54 minutes; between two parts of lower tracing, 20 seconds. Reduced a 
little less than;'} linear. | 


obtained. This, however, is very much less than would have been 


produced by the pilocarpine alone. Moreover, the early slowing of the 
heart is seen to give place to a somewhat more rapid action, due to the 
atropine,’and this in turn to a slower action when the effect of the 
atropine is beginning to pass away. At this stage the same dose of 
atropine (0°0001 g.) was given without pilocarpine, and its effect is shown 
in the second part of the tracing. There was immediate and complete 


- antagonism, which, however, gradually passed away; the final transition 


being accelerated in this instance by stimulation of the vagus. Towards 
the termination of the tracing is seen the irregular action, as though 
there were strife for the mastery, so frequently seen in the case of 
atropine and pilocarpine, and I might add other antagonistic drugs. 
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_ Later the same dose ‘of atropine was given with the same result, except 
_ that in this case the vagus was not stimulated so that the pilocarpine 
effect returned normally. Later still an injection of 0°4 cc. 10 per cent. 
Merck's jaboriie was administered and a similar although less marked 
effect obtained, and still later the former dose of atropine (0°0001'g.) 
was then given with the same result as at first. We may therefore 
conclude that z;;5th the amount of atropine in a given sample of 
_ pilocarpine can be detected, and probably still less, The latter part of 

the tracing is of interest as bearing upon the mode of antagonism of 
these substances, 


The limit of the antagonistic action of pilocarpine — atropine on 
the exposed frog’s heart is seen in the following experiment. 


The numbers refer to ventricular beats in 10 seconds. Where fractions are given _ 
- 20 seconds have been counted and the number halved. The experiments were made 
in August and the first week of September. Frog, 20g. Pithed, 2.15. Pericardium 


287, 1 drop 16000 pilocarpine nitrate (in 6 pe. NaCl) solution applied to heart, 
288. 7%. 2.89, 6). 2.40. 6 (diastolic relaxation; aur. beat weaker). 

9.42. 44 (weaker; aur. very weak). 

2,44, (weaker; aur. beat scarcely appreciable). | | 
2.48. 4 (weak but distinct beats), 2.52. 3. 2.57. 2). 3.2. 2, 

_ 8.4, 2 (both aur. and vent. beat better; somewhat arhythmical). 

8.6. 4 (distinctly bigeminal; aur. beat 5, regular). 7 

8.8. 44 (still irregular; aur. 5, vigorous). 7 

8.10. 6 (good beats; aur. and vent. synchronous). 8.12, “1 8.15. 64. 

3.50. 2 (powerful contractions ; =4 powerful beats). 

8.52. 1 drop 1—50,000 atropine again applied. 

8.58. 1 to 8 (powerful but somewhat peristaltic contractions). fe 

8.58. Very tn force; sometimes wight aystole, sometimes powerful peristaltio 


8 to 5 (good beats; aur.=5). 44 5 48. 65 415. 4), 


4.20, 4 (systole less, diastole greater; irregular in force). 
. 4 (still irregular; but good contractions). 


150,000 atropine was applied and stil later 1 op atropine but no note 
worthy change occurred. 


These and other results have led me to the conclusion that the 
antagonism of pilocarpine and atropine is what is usually termed physio- 
logical. Quite recently Dixon! from perfusion experiments through 
blood vessels has come to the conclusion that it is chemical. This 


1 This Journal, xxx. p. 122. 1903. 
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conclusion is, I think, not justified by the experiments’. One might 
apply it with equal weight to numerous other cases, ¢.g. digitalis and 
yaso-dilators in which no chemical interaction (in the sense usually 
meant by this) occurs. But the view may be disproved i in another way. 
If the antagonism of atropine and pilocarpine is “ between themselves,” 
then it might be possible, by careful experiment, to find a mixture of 
the two which will produce practically no effect or a different effect: from 
the original substances, and this proportion ought to hold good for all 
doses. This is not the case. A solution of pilocarpine and atropine 
cannot be prepared in which the action of both the originals is lost ; and 
what is more to the point a mixture can be made which in small doses 
shows a pilocarpine action, and in large doses an atropine one. 


THE ACTION OF PILOCARPIDINE. 


Pilocarpidine has been applied to two distinct substances which, 
chemically, have been confounded.. That of Petit and Polonowski has 
been shown to be iso-pilocarpine. The pilocarpidine we now consider 
is an entirely different substance, and little of its chemistry beyond its 
empirical formula is known. It was discovered by Merck and examined 
pharmacologically by Harnack*, .Coppola* also experimented with 
it. Both observers found it to be similar in action to, but much weaker 
than pilocarpine. Harnack determined its effects on cats, rabbits, and 
frogs, and in the main my observations agree with his. The symptoms 
observed however were doubtfully so intense that this raised the question 
- in my mind whether pilocarpidine was a pure substance. All the effects 
could be explained by assuming an impurity of 1 per cent. pilocarpine, 
a small amount considering the mode of preparation and the similarity 
of the two substances. I therefore procured a sample from Merck and 
recrystallised it by alcohol. The last crop of crystals seemed to be 
slightly less active than the parent substance but it still produced 
a typical effect. : 

After 0377 g. pilocarpidine (0°5 g. of the nitrate) by the mouth I 
experienced no distinct symptoms beyond slight nausea. 

A blood-pressure is shown in Fig. 4. After intravenous injection 
of 0°01 g. pilocarpidine a fall of blood-pressure with slight slowing of the 

1 In some experiments I made on water-tortoises in November 1902 I found atropine 
to be without effect on the action of pilocarpine on the blood vessels. 


* Arch. f. exp. Path. u. Pharm. xx. p. 4839. 1886. 
% Quoted by Fubini. Trattato di Farmacoterapia, p. 158. 
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heart-beats invariably ensues if: no previous injections have been given. 
The vagi also become for a short time less susceptible to stimulation. 


ASA. 


Fig. 14. x4. Rabbit, 2250 g. Chloroform, then ether. a, b, c,¢ as before. Interval 
of 16 seconds between two parts of tracing. 


_ A second and a third injection produce a distinctly smaller fall of 
blood-pressure, and the reason is not obvious since the vagi are not 
apparently depressed. | 

_ Balivation invariably occurs after the injection of 0°01 g. pilocarpi- 
dine, usually after 0-005 g., sometimes after 0-002 g. but not after 0-001 g. 

The best effect obtained was in a cat (blood-pressure experiment), which 
after the intravenous injection of 0002 g. pilocarpidine commenced to 
salivate in 4 minutes, and within 27 minutes had secreted 2lec. A 

_ Second injection of double the quantity of pilocarpidine produced 3°8 c.c. 
in 9 minutes, and a further 2°7 c.c. in the succeeding 74 minutes. 


‘THE QUESTION OF A FOURTH ALKALOID. 


In 1880 Harnack and Meyer’ announced the presence of an 
alkaloid in jaborandi leaves which they termed jaborine, possessing an 
action antagonistic to pilocarpine. They did not however obtain the 
base in a pure state and its salts were not crystalline. They believed — 
it to be closely related to pilocarpine in chemical composition, but were: 
doubtful if it exists as such in the crude drug. Their work as far as 
I know has not been corroborated*, A few observers, indeed, have 
failed to find any such substance, and Coppola states that the action of 


1 Lfebig’s Annalen, corv. p. 87. 1880; Arch. f. exp. Path. u. Pharm. x11. p. 866, 1880, 

_ © Hardy and Calmels prepared a substance they called jaborine which they regarded 
as a di-betaine (C.R. cit. p. 1252), but this substance does not agree in properties with that 
described by Harnack and Meyer. | 
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jaborine on the glandular apparatus, stomach, a intestines i is almost 
the same as that of pilocarpine. 


Previous to Harnack and Meyer's a number of 


observers had found some irregularity in the actions of jaborandi and 
pilocarpine, and by some the presence of an antagonistic alkaloid had 
been predicted. But I have carefully examined the literature cited by 
Harnack and Meyer and have not found any results that cannot be 
explained by our present knowledge of the chemistry and physiology of 
these alkaloids. Langley’s investigations do not bear the interpretation 
which Harnack and Meyer have put upon them, and I think they are 
easily explained by the difference in action of large and small doses of 
pilocarpine. Kahler and Soyka’s* experiments led them to the con- 
clusion that in jaborandi different and differently acting substances are 


present, but they do not state and their experiments do not suggest that — 


jaborandi contains a substance antagonistic to pilocarpine. They were 
led'to the above conclusion by a difference in action of small and large 
doses of infusion of jaborandi leaves ; but an examination of the tracings 
shown (Plate III, Figs. i, ii, iii) strongly suggests: that the effect they 
obtained with small doses was mainly due to the presence of ordinary 
vegetable substances (mainly potassium salts) in the infusions, and this 
view is supported by the fact that the action was obtained after weak 
atropinisation. Albertoni’s* investigations were made on the eye. 
He found that pilocarpine base produced less myosis than the salts of 
pilocarpine, and the myosis induced by the base was followed by a 


prolonged slight mydriasis. This was not, however, accompanied by 


any paralysis of accommodation and consequently was not an atropine 
action. He proved this by injecting subcutaneously solutions containing 
atropine and pilocarpine. The mydriasis he regarded as of central 
origin but on insufficient data. As an alkaloidal base should not differ in 
action from its salts he concluded that the so-called pure base contained 
two principles, one causing myosis, the other mydriasis, but he failed to 
separate them. In order to control these experiments I asked my 
assistant Mr J. H. Wigner, Ph.D., to undertake two experiments on 
myself, Solutions containing pilocarpine as base and pilocarpine as 

nitrate were given him and these were dropped into the eye and 
measurements taken of the size of the pupil. Accommodation was also 
tested, but this merely confirmed the myotic effect. Whether carried out 
in ordinary daylight or in the dark-room the solution of the base proved 


Arch. f. exp. Path. u. Pharm. vit. p. 485. 1877. 
2 x1, p. 415. 1879. 
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to be the less active of the two, but no mydriatic action was noticed. 
Even twice the strength of the base proved only slightly more active 
than the solution of the salt. This effect is due in part to the fact that 
the base retains a part of the solvent used in its isolation with avidity 
so that the strength of the base is not quite equal to that of the salt ; 
but it is probably due in larger measure to the alkalinity of the tears 

and the tissues (see later). In my own experiments the solutions were 
freshly made: if this is not the case another factor is introduced, since 
solutions of the base tend to gradually decompose. 

Harnack and Meyer’s experiments are more suggestive of an 
atropine action, but in view of some results I have obtained I do not 
regard them as unequivocal, They found that jaborine antagonised 
the action of muscarin on the frog’s heart ; it produced marked dilatation 
of the pupil of a rabbit which was aailesked by muscarin, but readily 


counteracted by physostigmine ; it increased the rapidity of the heart of 
a dog—the result seems to have been extraordinarily slow (30 minutes) 


—and dilated the pupil; it annulled the intestinal contractions and 
salivation produced by the intravenous injection of muscarin in a rabbit, 
and was in turn antagonised by physostigmine ; and lastly hypodermic 
injection produced in an hour distinct cerebral excitement, which disap- 
peared a few hours later. The last action is unimportant; the main 
evidence is that jaborine is able to counteract the effects of muscarin. 


But Ringer and Morshead! showed that pilocarpine was able to do 


this in the frog’s heart, and I have obtained the same result although 
not so constantly or completely as they did. The following is the 
protocol of an experiment. The figures represent the number of heart- 
beats in 10 seconds. 


Frog, 22g. Pithed, 3.8. Pericardium opened. 

8.15. 74. 3.19. 74 (beating well). 

8.20. 1 drop of dilute muscarin solution? (0°6 p.c. cusps eoaaaataanay 
8.21. 4 (diastolic relaxation; weaker beats). 

8.22. 3 (auricles practically stopped). 3.30. 0. 

8.81. 1 drop 10 p.c. pilocarpine nitrate solution applied. 

8.38. 0. 38.85. 4 (weak contractions). 

8.40. 84 (somewhat stronger). 3.45. 8 (auricles beating but slightly). 
8.55. 8 (weak beats). 4.5. 8. 4,20. 1 (very slight beat). 


1 This Journal, 1. p. 235. 1879-80, 

2 The muscarin solution was prepared from Agaricus muscarius collected in Perthshire. 
The fungi were beaten to a pulp, extracted with alcohol, and the extract, after evaporating 
off the alcohol, was dissolved in water, lead acetate added, filtered, the lead removed by 
HS and the solution evaporated to small bulk. It was kept a year before being used. 


10 


ade 
pt on 
de re 
ry 
2 
‘ 
| 
4 
j 
t 


146 MARSHALL. 


4.20}. 2 drops 10 p.c. pilocarpine nitrate solution applied. 


4.21. Several slight beats. 4.22. 1. 4.45, 2 fairly powerfl eats) 


6,0. 2 (fairly regular and good beats; auricles weak). 
Next day, 12.80. 54 (beating well; practically normal). 


The most important point in Harnack and Meyer’s paper and one 
on which they lay particular stress is the ease with which pilocarpineis con- 
verted into jaborine. This readily occurs, they say, when an acid solution 
of pilocarpine is evaporated to dryness. Such, however, is not the case. 
I have evaporated solutions of pilocarpine and iso-pilocarpine salts with 
various strengths of hydrochloric acid to dryness on the water-bath, and 
have treated solid pilocarpine nitrate and hydrochloride with strong hydro- 
chloric acid (31 per cent.) on the water-bath for 2 to 8 hours, but I have 
not obtained any result which could not be explained by the conversion 
of the pilocarpine, when this was used, into iso-pilocarpine—a change 
known to occur. There was no evidence of any atropine action whatso- 
ever. This is illustrated in Fig. 15. In this experiment two injections 
of iso-pilocarpine nitrate were first made as controls, then two solutions 
of iso-pilocarpine nitrate previously treated with dilute hydrochloric 


acid (10°5 per cent.) and strong hydrochloric acid (31 per cent.) 
respectively on the water-bath for 2? hours were injected, and afterwards — 
a solution containing the residue of pilocarpine hydrochloride treated — 


with strong HCl (31 per cent.) for 8 hours on the water-bath. The first 
injection shown was then made. 

Pilocarpine (4). 0°2194 g. pilocarpine nitrate treated with 4-8 c.c. HCl (31 per cent.) 
' on water-bath for 2} hours; became almost immediately yellowish, and was finally 
obtained as a syrupy residue. A few c.c, H,O added and 10 per cent. NaOH dropped in 


until neutralisation occurred. A white precipitate formed 
water and warming. Made up to 10°5 c.c. with water. 


Afterwards an injection of 0:00025 g. pilocarpine (5 c.c, 1—2000) 
was given with practically the same result as that shown, and this was 
followed by an injection of 00005 g. pilocarpine with 00000125 g. 
atropine (lower tracing of Fig, 15). The difference in the reaction to 
stimulation of the vagus is wellseen. Therefore if the pilocarpine residue 
after treatment with HCl had contained 10 per cent. jaborine (supposing 
this to be oné-fourth as active as attopine as they seem to indicate) 
it would have been detectable in this experiment. 

A point requiring notice is the action of commercial jaborine, a 
substance supplied by Merck. In appearance it is a brownish extract, 
and gives with acidulated water a somewhat turbid solution which clears 


on heating. Physiologically it gives in the main a pilocarpine action, - 
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but in blood-pressure experiments a very slight atropine-like effect can 
also be detected. Two milligrammes injected into the dorsal lymph sac 
of a frog caused distinct cutaneous secretion, and 0°01 g, produced well- 
marked pilocarpine effects. Taken by myself 0°1 g. produced in 40 
minutes slight salivation and perspiration, which disappeared an hour 
later. A blood-pressure tracing is shown in Fig, 16. The effect in the 


Fig. 16. 4%. Cat,2750g. Chloroform, then ether. Injection cannula in right external 
jugular vein. Right vagus cut. a, b,c, d, ¢ as before. Interval between tracings, 
70 seconds, and 31 seconds respectively, 


first instance is a typical pilocarpine.one, but this soon gives place to an 
increased rapidity in the heart-beats which does not occur after 
pilocarpine alone. The vagus is also seen to be paralysed, an unusual 
result with this amount of pilocarpine action. Four minutes after the 
injection the vagus gave a just appreciable effect with the secondary 
coil at 12 cm.; twenty-six minutes later it responded fairly well with 
the coil in this position. Nevertheless 0°001 g. pilocarpine failed to 
produce any effect. The same action was obtained with smaller doses 
in rabbits. | 

Owing to these results the effects of Merck's jaborine on a pure 
pilocarpine action was tried. ‘The result is seen in Fig. 17. The 
pilocarpine effect was obtained by injecting 0°001 g. pilocarpine into 
the external jugular vein, and after a well-marked action had existed 
for 4 minute 0°01 g. Merck’s jaborine was given. The antagonistic 
effect is seen in the figure. The vagus which was insusceptible to 
stimulation with the secondary coil at 0 previous to the injection 
gave a distinct reaction 2} minutes after the injection of the jaborine, 
and this reaction gradually increased in intensity with each successive 
stimulation for some minutes afterwards. The amount of substance 
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therefore in Merck’s jaborine possessing an atropine action is either 
excessively small or its physiological effect is very weak. The former 
is probably true, as Jowett? isolated from jaborine, pilocarpine, iso- 

pilocarpine, and pilocarpidine, but no fourth alkaloid. What this substance 
is it is difficult to say since no information regarding its mode of prepar- 
ation is to be obtained, but in all probability it is slightly modified 


Fig. si — 2150 g. Chloroform, then ether. Right vagus cut. a, b, c, ¢ as before. 
_ Interval between two tracings =25 seconds. | po 


pilocarpine, or possibly another stereo-isomer of this alkaloid. As I shall 3 


show later an additive product of pilocarpine will antagonise a pilo- 


carpine action on the blood-pressure. 

This is the only substance in which I have found any trace of an 
atropine action. I have examined all the products obtained by Jowett 
likely to contain such a substance, and also crude preparations obtained 
from other sources, but no evidence of any atropine-like substance was 
obtained. 


THE ACTIVE RADICLE IN PILOCARPINE, 


As is well known atropine can be hydrolysed into tropine and tropic 
acid, both inactive pharmacologically, and tropine can be again condensed 
with another aromatic acid to form a new substance possessing similar — 
actions to the original atropine. In the terms of the dominant theory 
of the present, tropine may be regarded as the pharmacophore group, and 
the tropic or other acid radicle as the haptophore group of the alkaloid. 
As pilocarpine also contains two well-marked groups it seemed — 
to investigate the action of these. 

' ‘Pilocarpine has already been studied in this way. But the sale 
obtained in view of the recent work on the chemistry of this substance 


Journ, Chem. Soc. p. 492. 1900, 
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are’ certainly erroneous.. It has been already mentioned that Hardy 
and Calmels believed pilocarpine to be a betaine compound of. tri-me- 
thylamine and f-pyridine-lactic acid, and claimed to have synthesised 
pilocarpine from the last-named substance. This substance, however, 
was only obtained from pilocarpine, and their supposed synthesis-was 
undoubtedly due to the presence of pilocarpine, or more probably iso- 
pilocarpine, as an impurity, throughout their operations. This would 
account for the physiological effect they obtained from the synthesised 
product. That this is the probable explanation is shown by the work 
of Coppola’, who, in order to find the active group in pilocarpine, 
investigated the action of pyridine-lactic acid, pilocarpidine, and jaborine. 
He found all three to possess a pilocarpine action, and therefore concludes 
that the activity of pilocarpine is dependent on the pyridine group. As 
pilocarpine contains no pyridine group comment is needless, but it is 
necessary to point out that the substances he worked with were obtained 
directly or indirectly from jaborandi leaves, and. that the so-called 
pyridine-lactic acid he employed must have contained pilocarpine or 
iso-pilocarpiné. 

Previous to Coppola's paper Harnack and Meyer had suggested 
that the pyridine radicle was the active group in pilocarpine. They 
found that all the members of what they term the “nicotine group” 
(including nicotine, pilocarpine, coniine, sparteine, oxal-ethylin, lobeline, 
and a series of pyridine bases) exert an action—transiently stimulating, 
then paralysing—on the medullary and spinal centres, and most of them 
a stimulant and paralysant action on peripheral nerves. This view as 
we have seen it is unnecessary to discuss, and none other has been put 
forward. 


The most probable formula, according to Jowett and Pia, of 


Pilocarpine and iso*pilocarpine is one consisting of a methylated gly- 
oxaline ring with a homo-pilopic residue attached to it ‘ 


0,H,.CH—CH. CH,.0—N | 

oo oH, | 

and the difference between pilocarpine and 


with the two asymmetric carbon atoms in the homo-pilopic radicle, and 
is probably one of partial internal compensation. 


1 Coppola’s results are taken from Frankel’s Die Arseimitil Synthese, His 
original paper is inaccessible to me. ft 
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As glyoxaline contains no OH group, and consequently yields no. 
condensation products, the influence of the separate groups could not 
be determined in the same way as with atropine. The only method 
was to modify the two groups separately. The glyoxaline portion was 
first studied. For this purpose the dibromo-substitution products, the 
methyl nitrate, ethyl nitrate and meth-iodide addition products of pilo- 
carpine and iso-pilocarpine and iso-pilocarpino-lactone were investigated. 
It was unfortunate that the dibromo-derivatives were the only substitu- 
tion products available since the halogen elements seem to have a 
markedly modifying influence on such complex substances as alkaloids. 
Both dibromo-pilocarpine and dibromo-iso-pilocarpine proved inactive 
pharmacologically. The former when injected into the circulation of 
a rabbit in doses of 0°02 g. (2 c.c. 1 per cent. solution in 25 per cent. 
alcohol) had no effect on the blood-pressure or the irritability of the 
vagus, although 0°0001 g. pilocarpine subsequently given had a distinct 
action. Similarly 0:5 g. dibromo-pilocarpine given per os to a rabbit 
(weight, 900 g.) was without effect, although the subsequent administra- 
tion of 0°01 g. pilocarpine to the same rabbit produced salivation within 
10 minutes, and, later, marked slowing of the pulse, deeper respiration, 
fall of temperature, defecation, and contracted pupils. — 

The additive products of pilocarpine and iso-pilocarpine also proved 
practically inactive as regards a pilocarpine action. Pilocarpine methyl — 
nitrate given in 0°46 g. dose per os to a rabbit weighing 960 g. produced 
a doubtful effect. The heart-frequency fell from 288 to 228 per minute 


and the respiration from 84 to 60, but the only other symptom was 


a chewing movement, and none of these, although suggestive, are 
characteristic. Later, to the same rabbit 0°023 g. pilocarpine was given 
in the same way. Salivation followed in ten minutes and subsequently 
the usual symptoms, contracted pupils, defecation, slowing of the pulse, 
dyspnoea, fall of temperature and muscular weakness. Other experi- 
ments, including two on myself and some on the blood-pressure, confirmed 
the inactivity of this substance. The same appeared to be true of the 
other two members of this group. They had no effect on blood-pressure 


and none on the irritability of the vagus; and 0°01 g. injected intra- 


peritoneally into a rat or injected hypodermically into a rabbit produced 
no unequivocal symptoms. But on investigating the antagonistic action 
of the methyl nitrate derivative to pilocarpine I found that while it 
exerted no action on the blood-pressure or any distinct action on the 
irritability of the vagus nerve it had the power of antagonising a pilo- 
carpine effect on the circulation. This is shown in Fig. 18. The same 
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effect was again obtained later in this animal, arid still later the same 
apparent effect resulted from the injection of 1 c.c. 1—50000 solution of 
atropine, but in this case the vagus was paralysed for a short time after the 
injection. In all probability this action is associated with the quaternary 
constitution of these additive products. When injected into frogs the 


Fig. 18. 8 Rabbit, 2425 g. Chloroform, then ether. Blood-pressure from right carotid 
artery. Venous cannula in right facial vein. Right vagus cut. a, b, c, ¢ as 
before, Interval between two tracings 87 seconds. : 


methyl nitrate derivatives produce dryness of the skin and markedly 
contracted pupils. A 1 per cent. solution dropped into my own eyes 
produced no distinct result. 

The action of iso-pilocarpino-lactone is interesting in that the 
glyoxaline ring is completely altered. It showed no definite pilocarpine 
action, but in 1 per cent. solutions it invariably caused a slight fall of 
blood-pressure, The irritability of the vagus was not apparently altered 
and there was no salivation. 

The effects obtained by the above modifications of the glyoxaline 


ring cannot therefore be regarded as satisfactory, and further work is 


necessary before a discussion of the results can be profitable. This is 
being proceeded with and will be published in due course. 


_ The effects obtained by breaking up the homo-pilopic portion of — 


the molecule have, on the other hand, proved of distinct value, Petit 
and Polonowski, and later Jowett’, found on adding a molecular 
amouut of caustic alkali to pilocarpine hase that the optical activity 
was markedly diminished ; that instead of remaining: [a], = + 100°5° it 

became [a]p = + 32°21°, This fact led me in the first place to investigate 
_ the action of the combination in order to see if it would throw more 


1 Journ. Chem, Soc, uxxvit. p. 480. 1900. 
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light on the somewhat transient effect of pilocarpine on the circulation. 
The effect was at that time surprising: the combination had no pilo- 
carpine action whatsoever. This is shown in Fig. 19. 


Fig. 19. x%. Rabbit, 1750g. Chloroform, then ether. a, b, c, e as before. 


A solution of pilocarpine base, presumably 1 in 19, was first made 
and the rotation determined’. This, assuming the strength to be correct, 
proved to be 876°. To 95c.c. of this solution O'bcc. of a 
solution containing a corresponding molecular proportion of NaOH was 
added, and to a second 9°5.c.c. original solution 0°5c.c. of water. The 
solutions were allowed to stand for two hours and the specific rotation 
again taken. The alkaline solution gave [a]»>=+18'4°. A rabbit | 
was then prepared in the usual way and these solutions injected. 
As is seen in the figure 0°02 g. alkalised pilocarpine solution (sodium 
pilocarpate) produced practically no effect; the subsequent injection 
of 00002 g. pilocarpine (the diluted original solution) produced a distinct 
one. This effect has been obtained several times with uniform result. 


1 The rotation shows that the solution was weaker than it was intended to be. This 
was probably due to the fact that the pilocarpine was simply taken out of the bottle without 
any attempt to remove the last traces of solvent which it tenaciously retains. The exact 
strength of the solution in this case was of little moment as the same solutions, unchanged 
and alkalised, were compared. 
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The explanation is simple. When caustic soda is added to pilocarpine, 
the lactone ring of the homo-pilopic group is opened up, thus: 


C,H,. CH—CH.OH,. R 0,H,.CH—OH.CH,. R 


and the alkaloid is converted into a salt of pilocarpic acid. The point — 


of attack of pilocarpine appears, therefore, to be in the lactone ring and 
its activity is closely associated with its lactonic constitution. _ 

In view of this result the influence of the blood on the activity 
of pilocarpine was determined. Definite quantities of pilocarpine were 
added to definite amounts of blood, and, as controls, to the same amount 
of ‘9 per cent. NaCl solution, and the whole were kept at a temperature 
of 40° C. for three to four hours. On making a blood-pressure experi- 
ment the blood solutions were found to be slightly less active, but not 
_* beyond the limits of experimental error. This is explained by the fact 
that the blood was not sufficiently alkaline to produce any appreciable 

conversion of the pilocarpine to an alkaline pilocarpate. According to 
the recent researches of Héber!, the concentration of OH ions in 
sheep's blood after standing 64 hours—to take the most extreme case—is 
53 x 10-” or about 1 mg. per litre, and these would render inactive about 
1 g. pilocarpine in 1,000,000 g. blood. As we have seen, it is necessary 
to have a 1—5000 pilocarpine solution to produce a certain effect and 
this strength was used in the above experiment. The conversion of 
pilocarpine to pilocarpate in this strength is therefore infinitesimal and 
hence the results obtained. But when pilocarpine is injected into the 
blood of an animal the conditions are different. There is now a large excess 
of blood present, and notwithstanding that venous blood is apparently 
_ neutral, the conditions are such that a moderate dose of pilocarpine 


may be quickly disposed of by the ability of arterial blood and the — 


tissues to act as alkalis. This, I believe, explains the comparatively 
transient effect of moderate doses of pilocarpine and is the probable 
explanation of the base being less active than a salt when applied to 
the eye. 

_ As regards the difference in action SR pilocarpine and iso- 
pilocarpine, this too is connected with differences in the homo-pilopic 
radicle. ‘The difference between these two alkaloids is dependent upon 


1 Arch. f. d. ges. Physiol. xorx. p. 572. 1908. 
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the difference in values of the two asymmetric carbon atoms, and the 
change is apparently one of. partial internal compensation. If, for 
example, the specific rotation of one asymmetric C atom be + 70°, and 
that of the other + 30° and both are plus as in pilocarpine 


the total rotation will be +100°. But if the least active of these 
carbon: atoms becomes levo-rotatory, the total rotation becomes + 70° 
— 30° = + 40°, as is actually the case in iso-pilocarpine. That the activity 
of pilocarpine is associated with the optical activity there can be no 
question, but it is very doubtful if this means more than that both 
are indications of the lability of the pilocarpine molecule. If it is ever 
possible to prepare the two remaining isomers of pilocarpine that theory 
seems to indicate their physiological action should prove interesting. 
It will probably help to settle certain small points of difference of action 
of pilocarpine and ‘iso-pilocarpine. 

I may say here that pilocarpine (base) solutions when kept 
gradually lose their optical activity. Jowett found that one solution 
on keeping for 3 weeks gave only [a]p=+77'53°, and I found the 
rotation of a solution to fall from [a]p = + 81°0° to [a]p = + 67°35° in one 
month. The latter proved to be slightly less active physiologically than 
a fresh solution of the same percentage strength. In all. probability 
this change is due to conversion of a small amount of pilocarpine into 
pilocarpic acid, and’ this would account for its slightly less physiological 
activity. 

So far, therefore, I have been unable to determine the relative 
physiological values of the two constituent groups of pilocarpine. The 
experimental evidence given simply points to the homo-pilopic group as 
the predominant factor, but it is improbable that this is more than an 
interacting or haptophore group. I hope, however, to settle this point 
as well as the influence of other parts of the pilocarpine molecule, as 
soon as sufficient material is forthcoming, and at a later date still I 
hope to be able to throw some light on the intimate mode of action of 


pilocarpine and similarly acting drugs. 
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SUMMARY. 


The more important results of the research may be summarised as 
follows : 

1, Jaborandi leaves contain three alkaloids—pilocarpine, iso- 
pilocarpine, and pilocarpidine. Iso-pilocarpine only occurs in small 
quantity. Pilocarpidine only in small amounts in Pilocarpus jaborands 
Holmes. (Jowett:) 


2. No substance corresponding to jaborine hin been found in the — 


leaves either chemically (J owett) or physiologically ; ; but a substance 
possessing an atropine-like action is present in the jaborine of Merck, 
_ which, however, consists mainly of pilocarpine or iso-pilocarpine. 

3. Pilocarpine acts upon the so-called nerve-endings in the heart, 
and its action is comparable in nearly all points ‘with that obtained by 
electrical stimulation of the vagi. 

4. Small doses of pilocarpine increase the sensitiveness of the vagus 
to electrical stimulation. Large doses if injected during electrical 
stimulation of the vagus are practically without action. 

5. A small dose of atropine is able to counteract for a definite 
time. an excessive amount of pilocarpine. With efficient doses a 
proportion of 1 of atropine in 40 of pilocarpine can be demonstrated ; 
with large doses 1 of atropine in over 1000 pilocarpine can be detected. 

6. The antagonism of pilocarpine and atropine is physiological. 

7. Iso-pilocarpine acts like a weak pilocarpine. In efficient doses it 
is about 6 times weaker. In large doses it is at least 20 times weaker. 

8. Pilocarpidine acts like iso-pilocarpine but is much weaker. 

9. The homo-pilopic portion of the pilocarpine molecule acts at 
least as an interacting or haptophore group. Solutions containing the 
hydroxy-acid corresponding to the lactone-pilocarpine are inactive. The 
influence of the glyoxaline part of the molecule has not yet been 
determined. 
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ON THE INNERVATION OF THE ILEO-COLIC 
SPHINCTER. By.T. R. ELLIOTT, Coutts Trotter Student 
of Trinity College, Cambridge’. (Nine Figures in text.) 

(From the Physiological Laboratory, Cambridge.) 

CasPAR BAUHIN claimed to have discovered the ileo-coecal valve in 

1579*. His method of demonstration was that still employed to illustrate 

its mechanical competency, by showing in the dead bowel that resistance 

can be maintained against a moderate pressure of water seeking passage 
from the large to the small intestine, whereas flow is unhindered in the 
reverse direction. From this he deduced a purely mechanical regula- 
tion of the passage of material from the small into the large intestine 
by means of a valve. Bauhin did indeed examine the viscera of the 
dog, but only to recognise therein also a valve, “quae tamen non 
valvulae humanae, sed circulo similis erat.” The observation was pre- 
judiced by his conception of the structure in man, for as a matter of 
fact the small intestine of the dog passes continuously into the large: 


when slit open the two present a smooth surface of mucous membrane, 


uninterrupted by any sign of valvular structure. Only during life is 
the meeting place marked by the indenting grip of a sphincter muscle. 

In many animals, the bear, ferret, and hedgehog for instance, not 
even such a sphincter exists in continuous action to enable a distinction 
between small and large intestine. The human arrangement is quite 
exceptional, being so highly differentiated that it does employ the 
mechanical advantages resulting from an oblique entry of the ileum 
through the wall of the colon. But the fundamental control is by 
a muscular sphincter®. Hence it is erroneous to emphasise, following 
Bauhin, the mechanical adjunct in man, and postulate its generalisa- 
tion in the mammalian viscera by the term “ileo-cecal valve.” In its — 
stead should be employed the name ileo-colic sphincter: and then the 

1 The expenses of this research were defrayed by a grant from the Government Grant 
Committee of the Royal Society. 

2 Figured for the first time in his Institutiones Anatomicae. 

$ Among the pathological specimens in the London Hospital collection, No. 1190, 
“an ulcerated colon,” exhibits a simple evaginated sphincter without any differentiation 
of valves or circumferential ledges. 
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recurrent question of the competency of the “valve” against regurgita- 
tion gives place to a consideration whether under any given physio- 
logical conditions the sphincter will or will not be relaxed. | 

Keith’, arguing from the grounds of comparative anatomy and from 
an analysis of the muscular nature of the so-called valves in the human 
bowel, pleads strongly for the recognition of such a sphincter. Its 
existence can be very readily demonstrated in the cat. 

Viewed from the inner surface of the colon the ileum is seen in the 
cat to open on the large intestine by a slight projection with puckered 
lips of mucous membrane, resembling somewhat a miniature external os 
uteri. Sections prove the circular muscular coat of the ileum to be 
considerably thickened over the last 10 mm. or so of its course, whereas — 
the longitudinal is very thinly developed. Strands of connective tissue 
differentiate the muscular wall of the ileum from that of the ccecum 
and colon, indicating clearly that the activities of the two are disparate. 

‘Method. Experimental evidence of the action of the sphincter was 
obtained by the introduction of what was virtually a recording balloon. 
Its form was as follows. To one end of a brass tube of 5 mm. diameter 
a pin was soldered so as to project bayonet-wise: on the end of. the pin 
was fastened a small cone of cork, the diameter of whose base ‘eqhalled 
that of the brass tube. A gap between cork and tube of 10 millimetres 
length was so left, to be bridged over by the recording membrane. For 
this a flexible but inelastic membrane is preferable: the dried external 
jugular vein of a dog serves the need admirably. Constriction and 
- relaxation will then be registered only when occurring in the muscular 
wall over the 10 millimetres in contact with the membrane. 

The apparatus is filled with water, and connected with a water 
manometer to indicate the pressure under which any particular altera- 
tion of volume is obtained. The movements of the water column are 
then recorded by connecting the air above its surface in a closed system 
with a delicate tambour: pressure changes are so slight that the 
apparatus practically gives readings of .volume changes under constant — 
pressure. As a further check a horizontal tube was always introduced 
between the recording membrane in the bowel and the water mano- 
meter, and the linear to a fro movements of a bubble of air within it 
watched. 

The cats used were anata with ether alone. After the 
abdomen had been opened, the colon was isolated by pads of absorbent 
cottonwool, slit open along a line opposite to its mesenteric attachment 
for 3 or 4 cm., and its contents removed without contamination of the 


1 Proc. Anat. Soc., Nov, 1908. Journal of Anat. and Physiol. 
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peritoneum, A plug of wool was then pushed down the colon to 
prevent backward escape of fices during the experiment. Similarly 
the ileum was opened a few cm. above the sphincter. Bleeding was 
very slight, and no ligatures were at any time applied. The recording 
tube was then slid into the ileum, and pushed down so that the cork 
cone just projected into the colon, and the membrane lay in the embrace 
of the sphincter. At intervals it was examined in case of slip upwards _ 
or downwards. Such very rarely occurred. | 

The part under examination was allowed to lie for warmth on the top 
of the small intestine: it was covered with the omentum, and that in 
turn by warm flannels moistened with normal saline solution. The 
abdominal walls were not clamped, and so no external bodily or visceral 
movements caused by the stimulation of any nerves could affect the 
recorder, 

Extrinsic innervation. This seems to be exclusively from the 
sympathetic nerves of thoracico-lumbar spinal root origin. Electrical 
excitation of the inferior mesenteric nerves produces no change what- 
soever. 

The eplniaebiahans cause strong constriction of the sphincter. This 
constriction developes slowly and steadily, to persist for some time after 
cessation of stimulus. Such prolonged contracture becomes more 
marked towards the end of an experiment, as will be seen from the 
contrast between Figs. 1 and 2. Although generally a pressure of 10 
or 15 em. water was employed, the muscle was found to be sufficiently 
powerful to overcome a distending pressure of 30 cm. Either from the 
major splanchnics or the minor strands entering the solar ganglia can 
an equally good response be elicited. It is not readily fatigued, nor 
caused to disappear by carelessly rough handling of the viscera: indeed 
the contraction is evoked with as uniform certainty as dilatation of the 
pupil by the cervical sympathetic. 


Fig. 1. Cat. Stimulation of right major splanchnic with moderately strong a. soil 
at 9cm. All nerves intact. Pressure =17cm. Time marker registers seconds, the 
drum being in all succeeding experiments run at the same speed. Reduced 4 linear. 
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Moving the recorder from the immediate grip of the sphincter up 
into the ileum by successive steps of 5 mm,, it is found that the 
constrictor response to excitation of the splanchnics or to the injection 


Fig. 2. Prolonged effect of stimulating right major splanchnic, coil at 9cm., pressure 
15cm, Experiment had already been in progress for 24 hours. Cord destroyed 
14 hours before this stimulation. x4. 


of adrenalin is maximal over the 5mm. at the extreme end of the 
ileum, that it vanishes 10 mm. above this end, and is replaced im- 
mediately above that by inhibition. This experimental determination 
of the limit of the sphincter agrees with that indicated microscopically 
_ by the hypertrophy of the circular muscle coat. 

After the injection of 10 mgms. of nicotine the splanchnics are 
paralysed, but stimulation of the nerves coursing down to the intestine 
in company with the superior mesenteric artery is still effective. 
Therefore these latter are postganglionic, and the cell relays are in 
the prevertebral mass of the solar ganglia. | 

The preganglionic fibres issue from the cord in a varying number of 
anterior roots. To determine their segmental origin three cats were 
examined, two under ether and curare, and one with ether alone. The 
cord was excised in each from the fifth thoracic segment downwards, and 
the roots on either side stimulated in their extradural course up to the 
posterior root ganglia. As a test against escape of current down the 
nerve the posterior roots were in several instances stimulated alone, 
and never found to cause any reaction of the sphincter. | 

In each animal the spinal root origin varied, though constant during 
the experiment for the individual. The results were so definite that 
a curve of the responses obtained could be constructed, in which the 
ordinates representing voluminal contraction of the sphincter would 
also indicate approximately the relative number of constrictor fibres 
to the sphincter issuing in the white ramus of that root. The maximum _ 
of contraction was in all cases obtained with the 13th thoracic (ie. 
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Ist subcostal) and Ist and 2nd lumbar, The third lumbar also' was 


in one instance capable of controlling the sphincter to a slight ‘extent, 
by fibres passing of course up to the solar ganglia and not through the 
inferior mesenteric nerves, for these latter were tested in this ex- 
periment with regard to the possibility of their carrying nerves to the 
sphineter in such a posterior type. The 12th thoracic is also generally 
efficient, and a few constrictor fibres may be found as high as the 
9th thoracic, That appears to be the upper limit in the cat. The 
latent period for root stimulation is 3 or 4 seconds, but longer in the 
roots that have feebler control of the sphincter. © 


roots 


Fig. 3. March 10. Cat. Ether, Cord removed from the 4th thoracic root to sacrdm. 
Curare. Tone of sphincter good. Roots on left side stimulated with secondary coil 

at 9em.: pressure =150m. Numbers indicate spinal roots. Ordinates plotted to 
lumbar. 


Fig. 4. Mareh 17. Cat. Ether, no corare. Cord removed from 7th thoracic root: tone 
of sphincter remains high. Left roots all stimulated successively, and results exhibited 
in curve enveloped by broken line. The right roots were then stimulated, and their 

: effect is indicated by the curve with continuous line. —~ 

_ The curves of two of these experiments are reproduced in Figs | 
3 and 4, In all a distending pressure of 15 cm: was employed; and 
the contraction measured by the movements of the air bubble index, 
not by the drum tracing. Tracings are also given, Fig. 5, of the effects 
in the experiment of March 17, being exsected from a continuous 
record in which stimuli were applied to each root in succession at 
intervals of two minutes. No curare was used, and although the 
movements of the trunk muscles were strongest with the 4th lumbar, 
these completely failed to affect the sphincter. It will be noted that 
the control exercised by the anterior roots increases gradually in 
passage from the cephalic end of the cord to the segments of chief 
power, but ceases at the lower limit quite abruptly. 


PH. XXXI. 


j 
4 
44 
roofs 
P 
4 
\ 
“a 
tite 
mt 


162 


Assuming that the ileo-colic sphincter marks the caudal limit of the 
area innervated from the ‘solar ganglia, these pesults 


Fig. 5. Experiment of March 17; compare Fig. 4. Successive stimulation of spinal 
roots at intervals of 2 minutes on right side: those on left side had already been 
stimulated. 

precisely with Langley’s statement that the lowermost limit of the 

roots which send preganglionic fibres to the solar ganglia in the cat 

with anterior form of lumbo-sacral plexus is the 2nd lumbar’. Langley 

found the root origin of sympathetic fibres to the cardiac end of the 

rabbit’s stomach to be from the 5th to the 9th thoracic. Perhaps 

then the roots controlling the cardiac sphincter pass without a gap 

in the series into those which can affect the ileo-colic sphincter. 
Pelvic visceral nerves. From these in general no response could be 

produced, although the excitation was so powerful as to cause the 

This Journal, xx. 1896, 
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colon to constrict to a hard rod as high as the plane of entrance of 
the ileum. In a single instance slight and delayed contraction was 
observed: but from: its time relations this was evidently a secondary 
reflex, such as would probably occur in the normal animal to prevent 
regurgitation into the ileum when the lower colon constricted in 
defecation. And indeed, even were the sacral roots to be granted 
a primary control of the sphincter in the dog and cat with the short 
carnivorous type of colon, such an action would never be found in 
the omnivorous animal, as for example the rat or man, or in the 
herbivorous rabbit ; for in these only the distal extremity, the so-called 
descending colon, can be evacuated by sacral stimulation, and the major 
length between the ileum and that in relation to the left kidney is 
utterly uninfluenced by these nerves’. 

Vagi. The extent of the intestine affected by these nerves has 
been differently described by different observers. Of recent writers 
Bayliss and Starling’ ascribe to them a motor effect throughout the 
length of the small intestine; and Langley’, chiefly on theoretical 
grounds, extends their control as far as the descending colon. With the 
sphincter they appear to have no immediate connection. When 5 mgms. 
of atropine were injected, so as to paralyse the cardio-inhibitory fibres, 
stimulation of both vagi simultaneously and strongly in the neck did not 
affect the sphincter a whit. A priori reasoning from functional need would 
deduce inhibition of the muscle by the vagi. To reveal such an effect 
experiments under varying pressures were made, but in vain. Since 
it was very.probable that atropine might block the vagal nerve-endings, 
the nerves were also stimulated in the absence of this poison; and in 
these experiments, after a long delay, slight contraction ensued. But 
the effect was doubtless to be attributed to the anwmia caused by 
inhibition of the heart, for, as will be detailed later, anzmia almost 
invariably excites contraction. 

Adrenalin. The preparation by Parke, Davis and Co. in ‘india 
with Takamine’s method was used. One-tenth of a milligram diluted 
to 1:10,000, when injected into the external jugular, causes intense 
vaso-constriction over the sphincter area, and also throws the plain 
muscle of the sphincter into strong contraction. The stimulation is 
entirely peripheral, for it is not abolished by section of the superior 
mesenteric nerves, nor by the injection of nicotine. Relaxation, as 


a of experiments, as yet unpublished, by Dr Smith and 
the writer. | 
This‘ Journal, xx1v. 1899. 
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shown in the tracing (Fig. 6), proceeds concurrently: with the fall ‘of 
blood-pressure. The immediately adjacent muscle, both of the circular. 
and’ of the longitudinal coat, in the ileum and the colon is utterly 
inhibited by the same injection. 


Fig. 6. Feb. 15. Cat. Vagi cut. Injection of 0-3 mgm. adrenalin into external jugular 
~~ vein, .4 is the record of the ileo-colio sphincter under pressure of 15cm. The figures 
12, 14, 16 indicate the blood-pressure inems. x4. bes 
Anemia. Resection of a couple of ribs enables one to compress — 
the thoracic aorta with forceps, and so check the flow of arterial blood 
to the viscera. In this manner there is no danger of mechanical excita- 
tion of sympathetic nerves to the sphincter, since these are not found 
The result is invariably a strong contraction of the sphincter. 
Fatigue is, however, much more readily exhibited in response to this 
mode of stimulation than to that by electrical excitation of th 
splanchnics. 
_ Bayliss and Starling examined with care the reaction of the 
visceral muscle to anemia. In agreement with the majority of previous 
workers they obtained unmistakable evidence that thereby the small 
intestine of the dog is inhibited. A similar, though less obvious, effect 
appears in the rabbit*. The cat is not discussed by them. And they 
make no mention of the reaction of the large intestine to anzmia. 
Accepting, however, only the fact of the inhibition so produved in the 
small intestine in contrast with the marked contraction of the sphincter, 
1 This Journal, xxrv. 1899. * This Journal, xxvt. 1900. 
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the distinction, being ‘itself in harmony with the opposed effects of 
sympathetic stimulation and also of the injection of adrenalin, points 
to the probability that anemia is excitant of the system of sympathetic 
neurones, rather than of the plain muscle: and it becomes desirable 
to localise the point of excitation. This question I have not yet worked 
out. But it is clear that the central nervous system is not the essential 
factor, for clamping the thoracic aorta produces the usual reaction when 
the spinal cord™has been destroyed from the 8th on segment 
downwards (cp. Fig. De | 


Compression of aorta causes contraction of sphincter line A. Zero of blood 


_ pressure marked by signal. From same experiment as Fig. 2. x 3. 


- Tone and: rhythm of the sphincter. The clean separation of the 
contents of the small from those of the large intestine’ points to the 
fact that in normal life the muscle is maintained in a state of moderate 
contraction. A similar tone, like that of skeletal muscle, is observed i in 
the cat’s bladder, where it is dependent on the integrity of the nerves | 
connecting the bladder with the sacral centres in the cord. Section of 
the pelvic visceral nerves instantly abolishes the tone of the bladder. 
But the ileo-colic sphincter does not exhibit a parallel dependence on 
the central nervous system. Successive section of the splanchnics does 
not cause its relaxation, nor is it found to be dilated immediately after 
of Op. Meyer and Steinfeld 0 on ‘the absorption o of bismuth : Arch. Puth. und Pharm. 
xx. p.-40," 1886. i ad 
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removal of the spinal’ cord. Nevertheless from the time of section, 
whether of preganglionic or, and especially then, of postganglionic 
consttictor fibres, onwards; the tone of the muscle does diminish. Ulti- 
mately it is altogether relaxed, and then from the low level of tension 
arise rhythmic contractions of sudden onset (Fig. 8). These differ 
markedly in rapidity of development from the slow constriction elicited 
by excitation of the splanchnic nerves or by anemia. But their 
occurrence is always associated with the strong and irregular contrac- 


tions which appear here and there in the smiall intestine towards the 


end of an experiment, and indicate bad condition of the animal. | 


Fig. 8. Showing rhythm of sphincter, with sudden contractions, shortly after section 
of the superior mesenteric nerves, Pressure = 13°5.0m. | 

From such evidence alone it could not be argued that the main- 
tenance of the tone of the sphincter is dependent on the integrity of 
the C.N.S. connections: for the relaxation could be equally explained 
by the depression of some local adjusting mechanism due to the 
progressive deterioration of the animal’s condition. But that alter- 
native is denied by two experiments on the rat. In the first of these 
the spinal cord was removed from the 9th thoracic root downwards, and 
the animal allowed to live nine days: in the second it was removed 
from the 10th downwards, and the examination made at the end of 
nine weeks. The rats had throughout been in excellent condition, and 
to external observation the viscera seemed to be acting normally as in 
the case of the dog operated on by Goltz and Ewald. Yet in each the 
sphincter was insufficient; material in the ileum was found to be 
continuous with that in the colon, and in the course of an experimental, 
examination of the movements of the colon, thick soup, that had been 
injected into the large intestine, was repeatedly seen to pass backwards 

It may then be concluded that in virtue.of the integrity of its 
nervous ties with the spinal cord, the sphincter is normally maintained 
at a level of high tone, and not permitted to manifest the rhythmic 
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oscillations of tension which characterise i in general the life of plain 


muscle, . 

Central Central of constriction ate elicited with 
great ease, but are never dissociated from rise in blood-pressure by a 
similar reflex vaso-constriction. Thus contact of the pleural cavity with 
the finger, or excitation of the peritoneal nerves by removal of the 
covering flannel and momentary exposure to the cold air, at once evokes 
a reflex change in the sphincter (Fig. 9). The reaction is obtained 
with a quite deeply etherised animal, but disappears so soon as the cord 
is destroyed. Reflexes from the external surface of the body are on 
the contrary at no time in evidence. : 


‘Big. 9. Cat. Ether. Nerves to sphincter all intact. Shows reflex contraction of 


sphincter, A, and rise of blood-pressure, when peritoneal nerves are excited by 

momentary exposure to cold air. 

Other Animals, A detailed study of the sphincter has been made 
on the cat alone. But in the dog contraction again is caused by 
excitation of the splanchnics and by anemia. So too in the rabbit, 


_ where the sphincter is situated at the opening of the sacculus rotundus 


upon the colon, not of the ileum upon the sacculus rotundus. 
Katz and Winkler’ studied the sphincter in the dog. Their 
method was similar to that by which Langley determined the inner- 
vation of the cardiac sphincter in the rabbit's stomach, namely by 
forcing water through the bowel under constant pressure. It is not 


well adapted to the purpose, since it introduces the confusing effect of 


1 ** Beitrag. Exp. Path. aus Lab. von Basch.” 1902. Quoted from Rersew’s Jahres- 
berichte, 1903. 
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temperature changes, and moreover involves the use of ligatures which 
may interrupt the course of nerves to the muscle. The results given 
by Katz and Winkler are opposed to those described for the cat 
in this paper. The vagus, they state, usually closes the sphincter, 
and the splanchnic usually causes it to open: stimulation of the 
central end of the cut sciatic will open a shut sphincter and close 
an open one. On the other hand the method of the membrane recorder 
reveals an unvarying and uniform response, that does not seem to be 

Apart from its interest as an element in the machinery which 
governs the movement of food through the alimentary canal, this 
innervation of the ileo-colic sphincter is of chief importance in relation 


to the laws of visceral innervation by the central nervous system. In 


the cat the circular muscle of the ileum is inhibited by the sympathetic 


nerves to within a centimetre’ of its debouchment on the colon: these | 


last few millimetres are constricted by the same nerves: and the muscle 
immediately adjacent thereto in the colon is in its turn again relaxed. 
The simplest explanation of this is, I think, that the innervation is in 
each case an adaptation to functional requirements. It would appear 


that from any of the three divisions of the autonomic nervous system — 


both constrictor and inhibitory nerve fibres can be supplied to any 
sheet of plain muscle, whether forming a circ@lar or a longitudinal coat 
to a hollow viscus. And the specific development of this double 
possibility is governed by the requirements of functional coordination. 


SuMMARY. 


1, The junction of the small and large intestine is controlled by a 

muscular sphincter, not by a mechanical valve. i 
- 2. Stimulation of the sympathetic nerves causes the sphincter to 
contract, though at the same time inhibiting the circular muscle in the 
wall of the ileum and colon adjoining the sphincter. In the cat these 
constrictor fibres issue chiefly from the 18th thoracic, and Ist and 2nd 
_ 8. Both anwmia and adrenalin produce the same effect as sym- 
pathetic stimulation, that is, constriction of the sphincter. | 
he Removal of the spinal cord abolishes permanently the power of 
the sphincter to keep apart the contents of the ileum and colon. 
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SOME RESEARCHES ON THE AUTOLYTIC DEGRA- 
DATION OF TISSUES. Part I. By JANET E. 
LANE-CLAYPON (Mabel Webb Research Scholar) AND 
S. B. SCHRYVER. (Six Figures in Text.) 


(From the Physiological Department, University College, London.) 


DuRING the course of some experiments, undertaken with the object — 
of determining whether peptones are capable of being built up into 
coagulable proteid in the presence of the mucous membrane of the small 
intestine in vitré, it was noticed that, instead of a decrease of extractive 
nitrogenous matter, an appreciable increase occurred. Emden and 
Knoop™, employing a method previously adopted by another worker in 
Hoffmeister’s laboratory, Glaessner™, when investigating the synthesis 
of coagulable proteid from peptones in the mucous membrane of the 
stomach, made a similar observation. These investigators used a method 
differing in many essential details from that employed by ourselves, 
which is described below. They killed animals in different stages of 
digestion, and then estimated the coagulable proteid, albumoses, and 
extractive nitrogenous matter in the mucous membrane, both im- 
mediately after the death of the animal and after the tissues had been 
allowed to remain for three hours at 40° in a moist chamber. Whereas 
Glaessner discovered a considerable increase in the coagulable proteid 
of the mucous membrane of the stomach after this interval, when the 
animal had been killed in the full height of digestion, Emden and 
Knoop, working with the mucous membrane of the small intestine, 
observed a marked increase in the amount of extractive nitrogenous 
matter. This they attributed to the action of the tryptic ferment 
present in the membrane, and although they carried out further experi- 
ments on animals in which the pancreatic duct had been ligatured some 
time previous to the death of the animals, they did not succeed in entirely 
eliminating this increase. In our own experiments carried out in witré, 
we observed a considerable increase in the extractive nitrogen within 
the first two hours, which amount remained constant, and showed no 
further addition during the succeeding four hours of the experiments. 
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These facts suggested the possibility that the degradation of. the 
tissue was an ordinary autolytic process taking place in well-defined 
stages, and as the likelihood existed of a connection between this 
initial autolysis and the state of metabolic activity of the tissue at the 
time of death, a detailed investigation was undertaken. | 
The conception that autolysis is related to metabolic activity is not 
new. Jacobi® investigated the autolysis of livers of animals poisoned 
by phosphorus. More recently Schlesinger undertook an investi- 
gation on the autolysis of livers of embryos, young individuals, and adults. 
Both employed, however, the methods of the earlier workers of this 
subject; of which a short summary is here given. 

The first recorded observations of after-death changes in the amount 
of nitrogenous extractives in the tissues are those of Salomon” who 
found hypoxanthine in the blood of a dead subject, whereas there was 
none in that of the living being; he also found that the amount of 
hypoxanthine in muscle and liver was doubled within the first 24. hours 
after death, when the tissue was digested at room temperature, there 
being scarcely any further increase during the subséquent 24 hours; 
this phenomenon he attributed to the action of a ferment set free at the 


time of death. Salkowski®, while confirming Salomon’s results, 


carried his investigations much further and over longer periods. He 


removed the livers of several dogs aseptically, minced and weighed the 


organs, and then incubated them at 38°—42° in sterilised vessels with 
10 times their weight of chloroform water for 67—68 hours; controls 
previously boiled were incubated in a similar manner. In all cases 
a large increase in the amount of total nitrogenous extractives was 
observed, chiefly in the form of monoamino acids (leucine and tyrosine), 
as well as xanthine bodies, the latter being estimated collectively as 
hypoxanthine by means of the silver salt. Salkowski considers that 
the autodigestion is retarded by the presence of chloroform, as is the 
case with other ferments, and remarks significantly that the 3 grams of 


nitrogen in the form of nitrogenous extractives from 1 kilo of liver is 


not an inconsidérable quantity, and that probably 24 hours, instead of 
67—68, would suffice for the determination of the amount of degradation. 
_ Salkowski’s researches were continued by his pupils Schwiening” 
and Biondi®. The former observed a large increase in the nitrogenous 
extractives of livers of dogs and rabbits after 24 hours’ incubation. 
Other experiments were carried out over periods of 68—72 hours. The 
addition of carbonate of soda was found to inhibit the rate of action to 
a considerable extent. In one experiment a fresh liver was ground up, 
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thrown into chloroform water and allowed to settle ; the liquid was then 
filtered off and incubated, the initial proceedings being carried out at 
as low a temperature as possible; some increase in the amount of 
nitrogenous extractives was observed and attributed to the presence of 
dissolved ferments. | 
Biondi obtained similar results, but found that the character of 
the extractives varied slightly with the antiseptic used, peptones and 
albumoses being obtained in the presence of sodium fluoride, no peptones 
and only a trace of albumoses when chloroform and lysol were used. 
Jacobi confirms these results in general, and showed further that after 
prolonged digestion considerable quantities of ammonia are evolved, 
and that the tryptophane reaction with bromine water gives positive 
results only after 14 days. He thinks there are probably several 
ferments at work in the process of autolysis, the actions of which are 
not identical with trypsine, but are specific for certain proteid 
molecules, of globuline nature, and causing the formation of end 
products rather than of albumoses, By saturating extracts of previously 
incubated liver with sulphate of ammonia, and dissolving the precipitate 


_ thus obtained in water, he succeeded in preparing a solution having 


a marked proteolytic action on fresh liver. Hedin and Rowland™, 


working in a similar direction and employing the expressed juices of 


the organs, observed a very marked increase in nitrogenous extractives 
during the first 12—16 hours’ incubation, the subsequent increase being 
in proportion very much slower. The best results were obtained in 
acid medium, this condition being the most favourable for the action 
of the proteolytic enzyme; these results confirm the previous observa- 
tions of Schwiening and Jacobi, who consider the ferment to be not 
identical with trypsine. Hedin ™ has subsequently carried out further 
experiments with the object of identifying and examining the different 
proteolytic ferments in the organs. Arnheim ® has also investigated 
the subject of autolysis, confirming the observations of the previous 
observers, and adding to our knowledge of various details. Lastly 
must be quoted the researches already referred to of Schlesinger, 
who employed methods similar to those of Jacobi, and found a big 
increase in the first 24 hours of extractive nitrogen, which. was larger 


in the case of foetal livers than in those of adults. It will be observed 


that none of the investigators whose work is here quoted. have 
determined the rate of degradation within the first 12 hours, a subject 
which seemed to us to be of considerable interest for the reason stated 
in the introduction to this paper. | oe 
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Method. The same methods of procedure were employed throughout 
the research, except in a few instances; all deviations are recorded in 
connection with the particular experiments. 

The animals (cats) were deeply anesthetised with chloroform, and 
killed, either by opening the carotid artery or by opening the thorax 
and plunging a knife into the heart. In this way the organs were 
obtained fairly free from blood. : 3 , 

The organ required was then excised as rapidly as possible with the 
ordinary aseptic precautions. In dealing with the intestines care was 
taken not to use the upper part of the duodenum, in order to avoid as 
far as possible any contamination with trypsine. The intestine was cut 
open, washed out, dipped for a moment in weak carbolic solution 
(1 in 60), and then in normal saline. The mucous membrane was then 
scraped off with a sterilised knife, weighed out in quantities of 2 
grams, which were then placed in flasks with 10 times their weight of 
physiological saline, and incubated at 40° for the requisite period. 

In the case of the liver, the organ was removed aseptically, and the 
large vessels and gall-bladder dissected away. It was then washed with 
weak carbolic solution, and sterile saline, and minced finely with a sterile 


chopper on a sterilised metal table. The connective tissue and larger — 


vessels were removed as far as possible from the chopped tissue, which 
was then weighed out accurately, usually in quantities of 4 grams, 
incubated with 40 c.c. of saline. 

In dealing with the kidney the fibrous capsule was removed, and 
the pelvis completely cut away, the remainder being minced in the 
same way as the liver. | 

In all cases the instruments, flasks, and saline were previously 
sterilised. 

The controls were made by throwing a weighed-out portion into the 
correct amount of boiling saline, and the mixture was subsequently 
treated in precisely the same way as the incubated portions. 


Each batch at the end of the desired incubation period was rapidly 


heated to the boiling point of water over a free flame, and then tri- 
chloracetic acid solution was added. The same amount of this reagent 
was employed throughout each series of experiments, so that each 
individual determination in a series is directly comparable with the 
others. Generally 5 c.c. of a 10 per cent. solution were added to 20 cc. 
of saline. After the addition the mixture was again boiled and the 
liquid filtered whilst still hot. The precipitate was repeatedly washed 
with hot water, and the filtrate and washings evaporated to dryness on 
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a water-bath. The dry residue was then taken up with a small quantity 
of hot water, and the nitrogen in this solution estimated by Kjehldaht’s 
method. 

The titrations ‘were carried out with the use of dialysed litmus 
prepared by the method of Mays. 


‘INTESTINAL Mucous MEMBRANE. 


As already mentioned the first experiments:were carried out on the 
mucous membrane of the small intestine, with the object of determining 
whether any building-up of peptones into coagulable proteid takes 
place. : 

For reasons which will be mentioned later the experiments with 
the intestine are not so interesting as those on the other organs. They 


demonstrate, however, in quite a convincing manner the rapid post- 
mortem disintegration. 


Series I. Cat A. 2 grams mucous membrane in 20 ¢.c. saline containing 2 per cent. 
Witte’s peptone. Controls were carried out with 2 grams in saline to which 20 o.c. of 
2 per cent. peptone were added at the end of the experiment. The numbers were therefore 
directly comparable. Air was led through the liquids during the whole experiment, being 
passed first through sterile cotton-wool. In all cases the results are recorded as the 


number of ¢.0, of § sulphuric acid required to neutralise the NH, distilled over from the 


Kjehldahl apparatus. 
Control 10.30. 44 c.c. 


With peptone Without peptone 


1 o'clock 49-6 49° 
49-7 49°83 
49°8 50°4 


Here an increase of extractive nitrogen equivalent to 5 or 6 cc. 
a H,SO, is observed within the first 24 hours, after which the amount 
remains constant, 


Series II. Cat B. Oonditions as in Series I. 
Control 11.15, 44 c.c. 
With peptone = Without peptone 
470 479 
48:0 48°0 
The subsequent eno were conducted without peptone solution. 


Series III. Oat C. Well fed. a 


Control 12.80 p.m. 
1,80 
2.80 
8.80 
4,80. 
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Series IV. Oat H. Fasting. 2 grams 


mm. in 20 c.c. saline. 
Cc. H,80, 
9.0 a.m. 59 
9.80 60 
10.0 50 
10.80 72 
11.80 79 
1.30 p.m. 79 
8,80 100 
Series VI. Cat L. Fed nigh 
2 grams mm. = 
75 Hy80, 
Control 9.15 a.m. 6°4 
9°4 
1,15 p.m. 12°4 
8.15 12°8 
5.15 


125 


t before. | 


Series v. Cat K. Fasting. 2 grams 
in 20 c.c. saline. 


Control 9.15a.m. 6 
11,15 10°7 
8.15 p.m.  18°4 
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Control 9.30 a.m lost 
11.30 6°8 

1.30 p.m. 9°5 

3.80 11°8 

5,30 12°3 

7.30 12°7 

24 hours 


‘Two typical results of the degradation are plotted on the accom- 
panying curves (Fig. 1). (The increase in the number of c.c. Ms H,SO, 


necessary to neutralise the 


plotted.) 


NH, given off after definite intervals is 


- 
4 
¢ 
i 3% 4 5 6 
Fasting ----- Fed ——— 
Fig. 


The results from the small intestine are not so satisfactory as those 


recorded for the other organs. In the first place the amount of material. 


available for each individual animal is limited, and it is not possible to 
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carry out a series with more than 2 grams of material for each individual 
determination. In the second place it is impossible to avoid bacterial 
contamination, this making it useless to carry the experiments over a 
long interval of time. 


THE LIVER. 


By far the greater number of our experiments have been carried 
out on the liver, since, being so largely concerned in general metabolism, 
it seemed reasonable to expect great changes, and, also, owing to its 
size it was possible to obtain sufficient material and carry out series 
of experiments over considerable periods, using 4 grams for each 
estimation. 

In the first series on this organ here recorded the liver was placed 
in a porcelain basin, previously washed with carbolic solution and sterile 
saline, and surrounded by a freezing mixture of ice and salt ; the object 
being to stop any change taking place immediately after excision from 
the body. The results obtained show that these precautions were 
unnecessary for subsequent experiments. Furthermore, such a method 
of procedure is liable to cause a slight error in the initial determinations, 
owing to the unequal cooling of all parts of the organ. 


Series I. Cat D. 4 grams tissue, 40 c.c. saline. 


C.0. 75 
Controls 11.40 a.m. Oot mean 9°8 

12.10 p.m. 102 
12.40 9°1 
1,40 10°5 

3.40 147 
6.40 25°0 
24 hours 440 


We have no data concerning the condition of this’ cat as regards 
food, a point of which the importance will be evident from our subse- 
quent experiments. Even here the big degradation of the tissue 
between 3.40 and 6.40 p.m. after from 4 and 7 hours of incubation will 


be noticed. This corresponds to 10°3 cc. 19 for 3 hour, 
ageinet vit c.c. for the next 17 hours. 
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Series II. Cat E. grams of liver. 20 saline. 
This series was carried opt to determine the influence of sertion on the rate of 


Liver alone Liver+toluol (2¢.c.) Liver, air led through 
9 a.m. 6°2 
11 59 58 
1 p.m. 68 66 56 
10-0 
5 12°8 142 11°5 
6.30 162 16°9 
24 hours io 21°8 21°2 


The general effect of toluol that we have observed has iia to 
hasten the initial degradation, and to inhibit slightly the subsequent 
changes. The effect is, however, in no case very large. It will be 
observed that the air has no effect on the rate, and this seems to point 
to the absence of ammonia evolution, a conclusion which is con- 
firmed by the amphoteric character of the solution at the end of the 


experiment. 


a. 


Time in hours. 


series extending over 12 hours. — 


Fig. 2. ‘i 


The results plotted on the accompanying curve call attention to the 
following facts. The curve may be divided into three parts: (1) A 
latent period lasting over a period of about 4 hours, during which no 
increase of extractives is observed. (2) A period of rapid disin tegration 
followed by (3) a period of slow gradual increase represented — 
mately by a straight line. 

The curve shown in Fig. 2 is the result of two series of EL eS 
performed on two different cats—one series extending over the Ist 
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12 hours with a final determination at 24 hours, and the other showing 
the changes taking place from the 12th to the 24th hour. 


Series ITA, Cat 8. Killed at 8.30 p.m. ee 
Animal fed the previous day. | 


Without toluol With toluol 
8.30 a.m. 89-2 846 
10.80 41°4 86° 
12.80 p.m. 442 _ 
2.30 42°6 
4.30 426 
. 6.0 48°0 44°9 


These numbers fall approximately on a straight line. See Fig. 2. 


he of the state of nutrition onthe rate and of degra 
dation. Several series of experiments were performed on animals in 
different stages of digestive activity. In these series two cats were 
generally used, the one being well fed for three or four days previously 
and given a good meat meal on the night before killing, and the other 
kept without food for a period before death. The livers from the two 
cats were incubated simultaneously. The amount of food in the 
stomachs of different cats after killing was found to vary considerably, 
although the conditions of feeding were the same—the form of the 
curve being influenced by the stage of emptiness the stomach had 
reached. 


‘ 
~ 
‘a 
ta 
+ 
a4 
4, 
“4 
‘4 
i 
¥ 
/ 
° 
€ 
ry 
10 5 0 24 
ime in hours. By 
Fasting ----- Fed —— 
Fig. 3. a 
fi 
rags 
Ew ia 


178 J. LANE-CLAYPON A ND S. SCHRYVER. 


Series IIT A. Cat K. Fasting. 4 grams 
in 40 saline. 


Total N in 1 g. liver * 
Therefore total N in 4 g. liver X 


should require 82°0 ” 
Control 9.30 a.m. . 10°8 ” 


11.30 
1380pm. 11% ” 
8.30 24°4 
5.80 35°0 
7.30 875 


24 hours §1°8 


Series IVA. Cat P. Fasting. 4 grams 
in 40 


Total Nin 1 g. used 22°4 1,80, 


Therefore total N in 4 g. 
requires 89°6 
Toluol control 
Control 10 a.m. 88 
12pm.  12°4 
2 151 
18°6 | 
6 27-1 


8 _ 88°8 33-0 
520 470 


Series IIIB. Cat L: Fed over-night. 
Liver incubated same time as in Series ITI A. 
‘Total N int g. 
Therefore total N in 4 g. 

should require 83°2 is 


|. Control 9,80 a.m. me 


11.30 ” 
L80p.m. 107 ,, 
8.30 17°1 ” 
5.30 28-9 9 
7.80 


24 hours 42°4 


Series IV B. Cat R. Stomach very full 


when killed. Liver incubated the same 
time as that in Series IV A. 


Total Nin 1g. used 1846.0. 10 | 


Therefore total N in 4 g. 3 
requires 73°6 
Toluol control 
Control 10 a.m. 

12pm. 10% 
10°1 
4 119 
6 13°0 14°83 
8 16°2 


24hours 83°7 28°7 


The slight inhibition produced by toluol is noticeable in both the 
above series. The results are plotted in Fig. 4. 
The above two sets are only samples from several series of experi- 


_ ments which were carried out. Series III. A atid B are very normal ; 


Series IV. A and B represent a somewhat extreme case. One other 
series may be quoted here, however, viz. that of a cat, which owing to 
an accident had fasted twice during the course of one week, 


Series V. Cat W. Control 11 a.m. 
1 p.m. 
3.15 
5 


26 hours 


62 6.0. 
10°0 
22°83 
29°6 
89°6 
50°8 
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The instances given above of the difference in the autolysis betivect 
the’ livers of well-fed and fasting cats are selections from several series 
of experiments, all of which give similar results. The latent period 
shows a tendency to be shortened in the case of the fasting cats, but 
the most marked difference is in the magnitude of the degradation 
during the period of rapid autolysis in the case of the fasting as 
compared with the well-fed cats. It is also of interest to remark that 
50 per cent. of the total nitrogenous matter is broken down from the 
form of coagulable proteid into the form of nitrogenous extractives 
within the period of investigation and that mainly between the 4th and 
10th hours after death. 

Effect of oxalate. Conradi has shown that the expressed juices of 
tissue contain a thrombin ferment. Experiments were made to de- 
termine whether this ferment played any part in the autolysis. The 
liver of a cat was therefore incubated, partly in saline alone, and partly 
in saline containing 0°5 grams ammonium oxalate to the litre. In the 
control experiments containing saline alone, ammonium oxalate solution 
was added at the end of the incubation period, so as to make the 
amount of nitrogen in the parallel series strictly comparable. From 
the appended results it is evident that the oxalate exerts no infidenes 
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on the autolysis, which has therefore no connection with the vomecaion 


ferment. 
| Cat M. Fed the night before killing. 
Without oxalate 
| ec. With oxalate 
Control 9.80a.m. 14°7 14°7 
11.30 156 15°4 
8.30 p.m. 24-9 25°8 
5,80 35'1 36°4 
7.30 43°1 
24 hours 549 56°4 


Effect of perfusion. To determine whether the effect was influenced 
by any property of blood serum which could be eliminated by perfusing, — 
the following experiment was carried out. An animal was killed by 
chloroform, and the liver perfused through the portal vein. Saline, 
previously sterilised, was run from a burette through a cannula in the 
portal vein, and the perfusion continued for 15—20 minutes, until 
the liver assumed a light brown colour, except the extreme edges of 
the lobes, which were cut away and not used in the experiment. Before 
weighing in portions, the liver was dried on blotting-paper to remove 
as much of the saline as possible. The animal employed was a well-fed 
cat, of which the stomach was quite full at the time of death. The 
result obtained is similar to that in a previous experiment with a well- 
fed cat, and the rate of autolysis is obviously uninfluenced by the 
previous perfusion of the organ. 


Cat Well fed. Liver perfused with saline. 


Total from 1 gram required 161 
» 4 grams requires 50°4 


Without toluol With toluol 
Control 9.0 a.m. 
11,0 90 78 
1,80 p.m. 9°6 10°2 
3.0. 116 12°2 
5.0 15°7 12°6 
7.0 186 
26 hours 28°7 26°2 


The amount of nitrogenous extractives is smaller in this case ae 
“that generally obtained. It will be noted, however, that the total 
nitrogen’ is smaller, probably owing to absorption of the saline. When 
allowance is made for this difference the result is quite parallel with 


3 


TF 
Bil 
4 
| 
| Curve sho fig. 4 
5 wn on fig. 4.) 
| 
| 
| 
q 
| 
| 
= 


AUTOLYSIS OF TISSUES. 


other experiments made with fed’ cats, and leads to the conclusion that 
the ferment is intracellular, thus confirming the observations of other 
workers. 

The effect of distilled water. A series of parallel experiments on the 
same liver in distilled water and saline were:carried out in order to 
determine whether the morphological integrity of the cells had any 
influence on the rate, as it seemed possible that the destruction of the 
tissue might liberate the enzyme, and thus induce more rapid autolysis. 
The following results show, however, that this is not the case. 


Cat Z. Fed 24 hours previous to death. 


In saline In distilled water 
Control 9.15 a.m. 8°4 — 
11.15 80 8°8 
1.15 p.m. 96 
“8.15 12°0 12°6 
5.15 16°7 16°7 
7.0 27°0 23°0 (slight loss in the analysis) 
24 hours 88°4 40°8 ; 


It is evident that the post-mortem autolysis is not hindered by 
maintaining the integrity of a large number of the cells of the tissue. 

Comparison of the action of trypsine with autolysis. Two series of 
experiments were carried out with the object of determining the form 
of the curve of a trypsine digestion with that of a normal autolysis. 
Both series gave similar results, but one only is quoted here. 

Merck's trypsine (1 in 1000 saline) was used.. No latent period 
was observed in the case of trypsine, the curve going up as a straight | 
line in the first 10 hours, and causing a breakdown of about 75 per cent. 
of the total proteid during the 24 hours of incubation. 

Attempt to isolate the enzymes. An attempt was made to determine — 
_whether it was possible to accelerate the rate of autolysis of the liver 
of a fed cat by means of the enzyme derivable from a fasting animal. 
60 grams of the liver of the latter were incubated for 8 hours in 600 c.c. 
saline. At the end of this period the liquid was filtered off, and 500 cc. 
then thrown into 4500 absolute alcohol. The precipitate was im- 
mediately filtered off, and dried in vacuum. This was then dissolved 


up in water, and after titration of a sample with = AgNO,, salt was 


added till the percentage of the latter was 0°9. The liver of a well-fed 
animal was then incubated in this solution, and a control set of ex- 
periments carried out in normal saline. No appreciable difference 
could be detected in the two sets. It appears probable therefore that 
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the enzyme is chemically combined with the protoplasm, and not 
liberated into the solution even after 8 hours’ incubation. 


Cat W. Fed the day before killing. 


Liver in saline | Liver in trypsine 

Control 9.15.a.m. “122 
11,15 172 

1,15 p.m. 3-4 23°5 

8.15 12°0 83°8 

5.15 16°77 44°1 

7.0 49°5 

24 hours 38-4 64°2 


BA Fig. 5. 

Summary of experiments on the liver. The fact that. the liver of 
a fasting animal undergoes a more rapid disintegration than that of 
a well-fed animal would seem to point to the fact that the former 
contains a larger quantity of enzyme either free to act or in the form 
of the corresponding zymogen, and it is interesting in ‘this respect to 
compare the curve of autolysis of the fasting animal with the curve 
of the trypsine digestion of the fed liver. As Jacobi, Hedin, and 
Rowland, in the papers already quoted, have shown that an enzyme 
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can be liberated in the process of autolysis, and as they have succecded 
in ‘actually isolating the same, it would seem probable that the process 
of autolytic degradation plays a normal part in the living animal, and 
is the method employed for the utilisation of the proteids of the cells 
for the needs of the organism. The products of autolysis would then 
act as food-stuff, and it seems not at all improbable that certain 
molecules of the tissue are then built up at the expense of others, 
the nitrogenous groups possibly replacing the carbohydrate groups, 
which have been shown to rapidly disappear in the first stages of 
starvation. This process probably plays an important part in regu- 
lating the ufea output during starvation: It will be also noticed that 
in the fasting animal the latent period is at times absent, pointing to 3 
the presence of free enzyme in the tissue. 

Another point of interest is the occurrence of a distinct latent 
period of 2 to 4 hours after extraction of the organs before autolysis 
commences. What this latent period is due to is not yet certain. It 
might be thought that it represents a ‘survival’ period in which the 
normal processes of assimilation are still going on and keeping pace 
with the dissimilation autolytic changes. It seems to us however 
more easily* explained on the assumption that the ferments active in 
autolysis do not exist preformed in the cells, but bound as zymogens. 
The first stage.of post-mortem disintegration is the setting free of the 
enzymes, and only after their liberation does the active process of 
autolysis commence, The fac} that the latent period is diminished 
or even absent in the organs of fasting animals, suggests that the 
liberation of these enzymes is a normal mechanism for the intra-vitam 
utilisation of the proteids of the tissues. 

A farther knowledge of the factors determining the latent period 
_ should throw an important light on the chemical equilibrium in the 
living tissue. In order to obtain further light on this question it will 
be necessary to know the influence of serum and blood on the rate 
of autolysis. Several experiments have been already carried out by 
us on this subject, which is one of some complexity, but much more 
has still to be done before a satisfactory conclusion can be arrived at. 
The subject, however, has a special interest in view of the recent 
discoveries of cytolysienes specific for different tissues (such as that 
contained in the hepato-sera of Delezenne, and the nephrito-sera 
of von Dungern™ and Lindenmann™), and it is proposed to bring 
the action of these sera within the sphere of the research. 


The character of the products of autolytic degradation. Our ex- 
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periments confirm those of the previous observers on the general 
character of the products of autolytic degradation ; demonstrating that 
they consist to a very large extent of the simplest substances. 40 grams 
of the liver of a fed cat were weighed out, minced and incubated at 40° 
for 8 hours. The mixture was then boiled and filtered. The filtrate 
was again boiled, and when hot acidulated with 2 per cent. acetic acid. 
It was again filtered, and the filtrate made up with distilled water to 
1000 cc, 250 cc. of this solution were used for estimation of total 
nitrogen, this corresponding to the nitrogenous extractives in 10 grams 
of liver. Another 250 cc. were saturated with acid zinc sulphate by 
the Zunz™ method and the nitrogen estimated in the precipitate, which 
gives the amount of nitrogenous matter present as albumose, whilst a 
third portion was precipitated, after acidification with hydrochloric acid, 
by phosphotungstic acid. The nitrogen in the filtrates from this pre- 
cipitate was estimated by the usual method, and the amount. of N 
present in the form of mon-amino acids and other simple products 
thereby estimated. The remainder of the solution was available for 
qualitative tests. | 
An exactly similar method was employed with the liver of a fasting 

cat, two portions of 20 grams each being taken and inchbated with 
200 c.c. normal saline; one portion for 8 hours, the other for 26 hours. 
The filtrate after coagulation was in each case diluted to 500 cc. For 
the estimation of nitrogen in its various forms 100 c.c. of this liquid 
were used, which quantity was therefore equivalent to 4 grams of the 
fresh liver. 

_ The results given below are all referred to the amounts of nitrogen 
in various forms from 4 grams of liver. : 


Fed cat 
Fasting cat 
N 8 hours hours 26 hours 
Total N expressed in c.c. 75 H,SO, 36°0 
Albumose N 8:4 
Di-amino acids 12°7 22°4 
Mon-amino + simple products 72 100 11:1 


From these results it is evident, that even in the earliest stages the 
maximum amount of degradation products is in the form of the lower 
molecular compounds. : 

The biuret reaction was given by the degradation products of the 
liver of the fed cat after 8 hours, but was very faint. It was more. 
marked in the case of the liver of the fasting cat at 8 hours, but 
entirely absent from the same after 26 hours. Tyrosines, when tested 
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for by Milton’s reagent, appeared in all cases, but the reaction most 
marked in’ the products from the fed liver, 

- No tryptophane was detected in any of the solutions ; a confirmation 
of the results obtained by Jacobi. 


THE KIDNEY. 


Several series of experiments were carried out with kidney substance 
of which typical examples are given below. 


Cat P. Fasting. 2 grams taken. Cat R. Well fed. 
Total N in 1 g. required 19°8 0.0. 1 H,S0 Total N in 1 g. required 20-2 0.0. 7+ H,80, 
Therefore total N in 2g. Therefore total N in 2g. 
requires 38°6 requires 40-4 
‘ Control 9.80a.m. Control 9.30 a.m. 
2pm 6-1 | 12 p.m. 78 
2 2 
4 4 9°2 
6 9°4 6 120 
‘24 hours 140 24 hours 140 


- The results obtained are plotted on the accompanying curve (Fig. 6), 
the nitrogen of the extractives being doubled throughout so as to make 
the curves comparable with those of the liver in the experiments in 
which 4 grams were used. 


The kidney tissue appears not to disintegrate to the same extent 
the liver, not more than 25 per cent. of the proteid breaking down as 
against 50 per cent. of the liver substance. As in the liver, the kidney 
of the fasting animal shows a greater degradation than that of the fed 
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animal. There is also a latent period here, which lasts somewhat 
longer than that of the liver. The experiments were carried out with 
the organs of the same animals as those used in series IV. of the liver. 
A set of experiments carried out with the spleen of a fed cat showed 
considerable autolysis during the first 24 hours. Sufficient material 
was not however available from a single cat for carrying out a complete 
series of experiments. 

We purpose to extend these investigations to the study of tetanized 
and untetanized muscle tissue, and to resting and active paired secretory 
glands. 


SUMMARY. 


I. There is a large degradation of tissue, shown by the increase in 
the nitrogenous extractives in all tissue so far investigated, during the 
first 24 hours of incubation, amounting in the case of the liver to often 
more than 50 per cent. of the total. 


II. This change may be generally divided into three stages: | 
(a) A latent period, or (at any rate) a period of very small change. 
(b) A period of rapid degradation followed by 
_ (¢) A.period of gradual autolysis, which can be represented on the 
"curve by a straight line. 
TIL. This degradation is not influenced by perfusion, or ammonium 
oxalate, and is the same whether carried out in saline or distilled 


water, and is therefore probably a pure chemical function of the cell 
protoplasm. 


IV. The stage (6) of the autolysis (mentioned under IJ) is markedly 
influenced by the state of nutrition of the animal at the time of death, 
being considerably greater in a fasting than a well-fed animal. 


v. Comparing this degradation with the action of trypsine on the 
liver, it would appear that the organ of the fasting animal contains a 
pit amount of (either enzyme or) zymogen, possibly set free auto- 
matically in the living animal, and acting as a protection agai 
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ON THE SECRETION OF ACID BY THE KIDNEY. 
By ARTHUR R. CUSHNY, AM., MD. : 
(From the Pharmacological Laboratory of the University of 
THE secretion of acid urine from alkaline blood has long been regarded 
as one of the most characteristic features of renal. activity, but the 
details of the mechanism have seldom been the subject of enquiry. 
Several views have been put forward’, but the only one that has found 
any wide acceptance is that of Liebermann’, who isolated from the 
kidney a lecithalbumin which possessed a strong acid reaction so that 
a solution of neutral or alkaline phosphate filtered through it assumed 
an acid reaction. He supposed that when the alkaline salts of the 
_ blood pass through the renal cells containing this body the base 
combined with it, while the acid radicle passes onwards into the tubules. 
The lecithalbumin would of course become neutralised, but its acidity 
is constantly restored by the carbonic acid of the blood. In fact the 
lecithalbumin appeared to be an intermediary which served to transfer 
the sodium or other base from the phosphates of the blood to the 
carbonate. 

It -is impossible to accept that such a transportation occurs by 
ordinary chemical reactions if the lecithalbumin is constantly exposed 
to both phosphate and carbonate solutions, for the lecithalbumin, 
having once become neutralised, cannot become acid again unless some 
_ change occurs in the fluid and this is not provided for in Liebermann’s 
scheme. | | 

The change in reaction is perhaps more formidable in appearance 
than in reality owing to the prevailing use of litmus as indicator. 
This gives a faint blue with blood-plasma and a bright red with normal 
urine, but the more delicate indicator phenolphthalein remains uncoloured 
by either blood* or urine, i.¢. neither fluid is‘ alkaline’ to phenolphthalein. 

Buchheim. Pfliiger’s Arch, f. d. ges. Physiol. xu. p. 826. 1876. 
Ibid. trv. p. 585. 1898. 


> Hoppe-Seyler’s Physiologisch- wnd pathologisch-chemi he Analyse, p. 488 (Thier- 
‘felder), 7 Aufl. 1903. | 
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On the other hand both blood and urine give the orange colour with 
methyl-orange (helianthin), indicating that each is ‘alkaline’ to this 
indicator. These paradoxical results are now recognised to be due to 
the fact that in the case of salts of such feebly dissociated acids as deter- 
mine the reaction in the blood and urine, these indicators fail to mark — 
the point at which all the bases are saturated with acid. The same 
phenomenon is seen when phosphoric acid is titrated with an alkali. 
For example 10 c.c. of a solution of phosphoric acfa containing 568 mg. 
P,O, was titrated using different indicators. Methyl-orange changed 
colour after 7 cc. of decinormal potassium hydrate solution, neutral 
litmus solution after 10 c.c., and phenolphthalein only after 14°3 cc. 
After 8 cc. of the alkaline solution, the fluid corresponded to a solution 
of NaH,PO,, and after 16 c.c. to one of Na,HPO,. Between the 10th 
and the 14th c.c, of alkali, the fluid was alkaline to litmus and acid to 
phenolphthalein and thus resembled the blood in reaction ; between the 
7th and the 10th c.c. the fluid was acid to litmus and alkaline to 
methyl-orange and thus resembled the normal urine. The work of the 
kidney thus consists in changing the reaction from the phenolphthalein- 
litmus to the litmus-methyl-orange phase. 
_ The failure of phenolphthalein to become coloured in the blood 

indicates that the hydroxylions are practically no more in excess than 
in distilled water’; the blue litmus reaction indicates not the presence 
of hydroxyl in excess (true alkalinity) but the presence of some salt so 
weak in nature that the litmus can successfully compete with its anion 
for the possession of the cation sodium. In the normal urine on the 
other hand the sodium is so reduced in proportion to the anion that the 
litmus can no longer compete with thé latter, though the stronger 
methyl-orange is able to doso. The kidney thus changes the proportion 
of sodium to anion by returning sodium to the blood and allowing the 
anion with which it was associated in the blood to escape into the 
~ ureter. Every ion must however be accompanied by a corresponding 
ion of the opposite sign. Thus the loss of sodium has to be made good 
by other cations, in this case by hydrogen. In the same way the 
sodium returning to the blood is accompanied by an anion, which may 
be hydroxyl originally but which is soon substituted by some other, such 
as HCO,. 

The power of the kidney to excrete acid urine may thus be 
compared with that of an acid filter such as Liebermann. conceived it 
to be, if we leave out of consideration his view of the restoration of the 

1 Of. Hober. Pfliiger’s Arch. f. d. ges. Physiol. xorx. p. 572. 1908. 
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acid siliey:: If such an analogy be drawn, however, it must be with 


such a feeble acid as that of litmus, for even methyl-orange has greater 
power of combining with alkali than the kidney, as is shown by its 


- combining with the alkali of the urinary salts which the kidney has 


allowed to escape. 

In some circumstances the urine loses its characteristic reaction, 
however, and becomes neutral or alkaline to litmus. It never colours 
phenolphthalein when freshly passed, though it is sometimes practically 
neutral to it, as is shown by its giving the characteristic pink on the 
addition of one or two drops of decinormal potassium hydrate solution. 
I have observed repeatedly that the urine collected from the ureter 
during or after the intravenous injection of sodium carbonate in the 
rabbit was colourless when it fell into a phenolphthalein solution ; but if 
exposed to the air for a few minutes and especially if slightly heated it 
gave the.pink alkaline reaction—obviously from the escape of carbonic 
acid. The alkalinity of the fresh urine is therefore limited and has not 
in my experience been greater than that of the blood. 

One condition in which the acidity of the urine is lessened and in 
which it may prove alkaline to litmus is saline diuresis. This was 
first pointed out by Falck’, who found that the intravenous injection 
of sodium chloride in dogs was followed by the excretion of alkaline — 
urine which effervesced on the addition of acid. Gruber* observed 
the same effervescing urine on giving sodium chloride by the mouth to 
dogs previously fed on a diet poor in chlorides, and also when animals 
receiving a constant amount of chloride were given a large addition of 
salt. He does not state whether diuresis followed and considers the 
phenomenon secondary to the secretion of acid in the stomach. Quite 
recently Schwarz* found that the administration of chloride or bromide 
of sodium by the mouth, rectum, duodenum, or intravenously, rendered 
the urine alkaline and effervescent in dogs, especially when their diet 
had been poor in chlorides. The administration of sulphate, iodide, or 
nitrate was devoid of effect. In several of his experiments the diuresis 
was trifling in amount or entirely absent, which indicates that the 


_ alkalinity observed by Falck and Gruber was independent of the 


diuresis. On the other hand Riidel‘ found that in rabbits whore urine 


1 Virchow’s Archiv, p. 815. 1871. 


68, 1887. 
* Hofmeister’s Beitriige z. chem. Physiol. u. Path. v. p. 56. — 
Archiv f. exp. Path. wu. Pharm. xxx. p. 41.-1892, 
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had been rendered acid by a diet of bread, the intravenous injection of 
sugar, urea, nitrate, sulphate, chloride or chlorate of sodium rendered 
it neutral or alkaline to litmus. Diuresis thus seems to change the 
reaction in itself, but an apparently distinct effect of a similar kind 
is obtained by the administration of chloride and bromide without 
diuresis. 

It seemed possible that the change in reaction during diuresis 
might throw some light on the normal secretion of acid by the kidney 
and I have therefore performed a series of experiments in which the 
reaction of the urine was examined after the injection of various salts 
and sugar. | 

In order to compare the reaction in diuresis of different degrees _ 
under the same conditions as regards the blood, I limited the amount 
of urine on one side by inserting a resistance to the flow along one 
ureter in the same way as in former experiments on saline diuresis’, — 

In this paper I propose to give the résults in diuresis, leaving the 
consideration of the alkaline secretion after chloride and without diuresis 
for a later occasion in which I hope to take up a series of analogous 
phenomena. The object of my experiments was to determine the 
conditions in diuresis under which the reaction of the urine approxi- 
mated that of the blood or of the normal urine. The presence and 
concentration of hydrogen or hydroxylions was not investigated’, but 
merely the amount of acid or alkali which had to be added in order to 
render the urine neutral to phenolphthalein or litmus. In the protocols 
the actual amount of decinormal acid or alkali is given and also the 
amount necessary to neutralise 100 cc. of urine. 

The experiments were performed on dogs anmsthetised with about 0°3 g. of morphine 
hypodermically and 10g. of chloretone dissolved in alcohol and given by the stomach. 
The anwsthetic used in these experiments seems of considerable importance, for chloroform, 
chloral and chloretone alone depress the circulation unduly in these long experiments, 
while ether often reduces the diuresis to very small limits. Morphine has the dis- 
advantage of inducing glycosuria, but along with chloretone gave the best results in my 
hands. Laparotomy was performed and cannulm were inserted in the ureters; one of 
these led directly to a collecting flask ; the other was attached to one arm of a T-tube, the 
perpendicular arm of which was bent into a manometer and contained mercury, while the 
other arm was connected with a collecting flask by a short indiarubber tube which could 
be compressed by a finely graduated screw clamp. The urine was received in small 
Erlenmeyer flasks which were tightly corked, the cork being perforated by two glass 


This Journal, p. 481. 1902. 

2 For a discussion of the difference between the acidity measured by titration and that 
measured by the concentration of hydrogen ions see H dber. Hofmeister’s Beitrige z. 
chem. Phys. u. Path. mt. p. 525. 1908. 
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tubes, one of which received the urine, while the other was drawn out to a capillary and 
served for the escape of the air displaced by the urine. The object was to avoid as far as 
possible the loss of carbonic acid and ammonia. The diuresis was induced by the inflow . 
of salts or sugar in strong solution into the jugular vein. : 

The acidity was estimated within 2—8 hours after the urine was passed, the urine being 
kept cool in the meantime. The flask was opened and: titrated immediately with deci- 
normal solution of potassium hydrate or sulphuric acid. The indicator used was generally 
phenolphthalein in one per cent. solution in alcohol, five drops being added to each flask. 
In a number of experiments some of the urine of each flask was drawn off and titrated 
with litmus solution as an indicator. This neutral litmus solution was prepared by adding 
decinormal sulphuric acid to an ordinary litmus solution until it assumed a violet colour. 
A few drops in a test-tube then had an equal amount of phenolphthalein solution added, 


when the colour remained unchanged, but the addition of a drop of decinormal potash 


gave a strong pink (phenolphthalein) colour. A measured amount of this neutral litmus 
was added to the urine to be examined and the same quantity of litmus solution was 
diluted with water to the same total bulk. In this way very slight variations in reaction 
could be detected. The urine in diuresis is so clear that no great difficulty was met in 
determining fairly accurately the neutral point with either phenolphthalein or litmus, The 
urine from each ureter was brought to exactly the same colour, the more concentrated 
being afterwards diluted to the same bulk as the more dilute in order to allow of more 
exact approximation. 

Besides the acidity various other constituents of the urine were estimated ; the chlorides 
by Volhard’s method, the urine being first oxidised by nitric acid and potassium perman- 
ganate, the phosphates by titration with uranium acetate (cochineal indicator), the 
sulphates by precipitation with barium chloride and weighing; ‘the sugar was estimated 
by Allihn’s method, the cuprous oxide being collected on a Gooch platinum crucible, 
oxidised by heating in the oxidising flame and weighed as cupric oxide. The carbonates 
were estimated in a number of instances by adding excess of sulphuric acid to the urine 
and passing a current of air through it while heating it on a water-bath. The air was 
passed through sulphuric acid and soda-lime before reaching the urine and afterwards 
passed through a sulphuric acid wash-bottle and two calcium chloride towers, then through 
& weighted (J-tube containing calcium chloride; the CO, was then collected in potash 
bulbs used for organic combustion, which were finally protected by a tube containing 
calcium chloride and soda-lime. The first (J-tube and the potash bulbs were weighed 
after each estimation, but the former never showed any increase in weight, The 


estimation generally occupied 4—5 hours, and in order to avoid any decomposition before 


the estimation, each flask after its acidity was tested was put in ice and’ maintained below 
freezing point until it was required for the estimation of carbonate. That this measure 
was successful was shown by many of the flasks containing no carbonic acid whatever. 
In some cases in which no carbonic acid was expected to be present in the urine a solution 
of barium hydrate was substituted for the potash bulb, and the absence of carbon dioxide 
shown by its remaining unclouded. | 


The first salts examined were the chloride, bromide, nitrate, sulphate, 
malate and tartrate of sodium, with which may be associated dextrose, 
which gave similar results. These were injected in large amounts and 
in concentrated solutions—normal solutions of the chloride and sulphate 
and 10 per cent. solutions of the others. : 
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‘Exe. I. Dog weighing 22 kg. Manometer cannula in left ureter. Resistance 25 mm. 
2.88.08. Tn Injection of 500 ¢.c. sodium chloride solution 5°85 per cent. into the 


Urine 
Time in ¢.¢, Absolute Per cent, Absolute Per cent. 
‘Urine of bladder 109 o.c, 
ureter 29°0 06 20 H,80, 40 H,S0, 
Right 410 08 2°0 2°0 H,SO 50 H,SO 


Exp. II. A dog of 20 kg. Manometer cannula on the right ureter ; pressure 25—80 mm. 
11,40—12. Injection of 500 o.c. 10° ——— ugular The urine 
"wag seid throughout, phenol 


phthalein indicator. 
P in in ol 
in cc, Absolute cent. mg. 
Urine in bladder 10 123 12°3 86 — 461 
Left 57°5 2°5 43 24°3 82°0 81°7 
11.48—12.8 
45°0 2°4 "68 240 170 12% 
Reabsorbed °/, 21-7 47 60 
Left 43°00 - 13 80 186 366 1389 
1 1 
oe pee 30°5 1°3. 4°3 17°0 117 40 
Reabsorbed 16 49 99 
Reabsorbed °/, 29%, 0 8°6 68 71 


The urine secreted 12.8—12.11 had 1 c.c. of litmus solution added and was 
with 1 ¢.c, of litmus diluted to a corresponding bulk with water, when both were found 

very slightly acid, the right more so than the left. Similarly, that secreted after 12.31 was 

Exe. Ill. A dog of 17 kg. Manometer cannula on the right ureter offering a resistance 
of 25—30 mm. mercury. 
- ,11.00—11.8, Injection of 300 c.c. of a 10°/, solution of sodium bromide intravenously. . 
1146—-11.66. Injection of 300 c.c. of 10°/, solution of sodium nitrate. _ 


Decinormal potash solution 
to phenoiphthalein . to neutralise to litmus 
: Time ine.c. Absolute Per cent, Absolute Per cent. 
- Urine of bladder 20 56 28 ca. 2°5 KOH 12:5 KOH 
3 05 Left kidney 88°5 08 21 02 ” 0°5 ” 
Right kidney 193. 07 86 02 ,, 10 ,, 
(left kidney 407 87 91 20 5, 50 ,, 
kidney 63 08 127 
Left kidney 120 27  #$16H,80, 154,80, 
kidney 80 8°8 4°15 08KOH 10KOH 
Left kidney 144 4:1 2°85. 9H,S0,  20H,80, 
kidney 84 2°1 2°5 08 ” 10 ,, 
Left kidney 228 49 0-75 ,, 
12. 44 1.14 Left kidney 182°6 28 21 0-7 0 5 


Right kidney 54°0 13 2°4 neutral 
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In these experiments the onset of diuresis on the unobstructed side 
is accompanied by a marked change in the reaction of the urine, which 
becomes much less acid. For example, in Exp. I, the bladder urine 
required 109 c.c. of decinormal potash solution to neutralise 100-c.c. of 
urine(phenolphthalein) while during the diuresis 2c.c. would have sufficed. 
In fact, at the height of diuresis the urine was practically neutral to 
phenolphthalein as a general rule. The reaction to litmus varied in 
different experiments, for in the first and third the urine was for part 
of the time alkaline to this indicator, while in the second it remained 
acid throughout. 

The variation from the neutral colour was so slight however as to 
be imperceptible except on very careful comparison with neutral litmus 
solution, Neutral litmus paper was unchanged or rendered faintly 
blue by this urine which would have been considered alkaline on 
ordinary clinical examination. Thus during diuresis the reaction of 
the urine approaches that of the blood, for while not alkaline to 
phenolphthalein it becomes almost neutral or even alkaline to litmus. — 

The urine from the obstructed ureter was always less in amount 
than on the normal side except in two experiments, in which it was 
somewhat larger, as in the experimehts of Steyrer’, Pfaundler*, and 
Schwarz’. This increase seemed to me more marked during light 
anesthesia and disappeared on giving a little chloroform, and I am 
inclined to regard it as due to some vascular reflex; I have excluded 
the experiments in which it occurred from consideration in this paper. 
In all the others the urine was less in amount on the obstructed than 
on the free side. In many instances, e.g. Exp. I, the reaction resembled 
that of the free side very closely; in some the acidity appeared reduced, 
for a single drop of potash solution was sufficient to give the 
phenolphthalein pink. In others the percentage acidity measured by 
phenolphthalein was distinctly greater than on the free side as in Exp. II 
and at some points of Exp. III. In the last, attention may be drawn to 
the reaction between 11.45 and 12.00 when the urine on the free side 
was acid to phenolphthalein and alkaline to litmus, while on the obstructed 
side it was acid to both litmus and phenolphthalein, and both absolute 
and percentage acidity is greater. In fact throughout the later part of 
this experiment the reaction to litmus departs farther from that of the 
blood on the obstructed side than on the free side. This agrees with the 
results of most of my experiments with these salts but the differences 


1 Hofmeister’s Beitrage 2. chem. Physiol. u. Path. 11. p, 312. 1902. 
* Centralbl. f. Physiologie, 16th Ang. p. 281. 1902. 
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were so slight on the two sides that no very certain inferences as to the 
effect of obstruction on acidity can be drawn. 

The chlorides were much diminished in absolute amount and in 
percentage or practically absent on the obstructed side. The sulphate 
and sugar in the experiments in which these were injected, fell in 
absolute amount but generally rose in percentage, thus resembling their 
behaviour in the rabbit. The phosphates generally could not ‘be 
accurately estimated on either side, as they seldom amounted to more 
than a few milligrams. Exp. II is exceptional in this respect and I am 
unable to suggest how the amount of phosphate remained so high- 
The carbonates resembled the chlorides in behaviour; present in small 
quantities on the free side, they were reduced to traces on the side on 
which resistance was inserted, so that often when a baryta solution was 
substituted for the potash bulbs in the: — series it remained - 
perfectly clear. 

Such neutral salts as the ‘hilaeldi: nitrate, bromide, sulphate, tartrate 
and malate, and indifferent substances such as dextrose, thus induce 
a diuresis in which the urine is almost neutral to phenolphthalein and 
may be distinctly alkaline to litmus, thus resembling the blood in 
reaction. This might be due to the fluid passing through the kidney 
too rapidly to permit of the ordinary avid being elaborated or to the 
absence of the acid-forming salts in the blood in sufficient quantity. 
If the first view were correct, the divergence from the normal might be 
expected to be more uniformly less on the side on which the secretion — 
was retarded; the results tend to show that the absence of the acid 
reaction was for the most part due to a deficiency in acid-forming salts, 
and this was clearly shown by the next series of experiments. 

In a number of experiments sodium phosphate (Na, HPO,) was 
injected alone or along with dextrose or sodium chloride. In others 
the effects of the group already discussed were examined and then 
phosphate was injected: This salt gives an alkaline reaction to both 
litmus and phenolphthalein ; in some instances it was rendered neutral 
to phenolphthalein by the addition of dilute hydrochloric acid, but: the 
results did not differ from those of other a in which the 
alkaline salt. was injected. 


Exp. IV. A dog of 22 kg. was anmsthetised as usual, some chloroform being given in 
addition during the operation. The manometer cannula was inserted in the left ureter, 
and a pressure of 25—30 mm. mercury maintained. 


10.85—10.58. Injection of 450 ¢.c. containing 40 g. dextrose and 7°1 g. dry sodium phos- 
- phate. At 11.48 a slight obstruction was removed from the right ureter and the 
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secretion on this side increased considerably inamount, Phenolphthalein was used as 


uired fo neutralise PO; in mg. 

Time Urine Absolute Per cent. Absolute Per cent. 

Maney 93 198 21:2 181'6 194-7 
(Rightkidney 146 21:3 1858 197-7 
| Right kidney 527 14°6 186-0 258-0 
$1 185 48° 407-0 
Right kidney 140 108°8 1956 

Right kidney 668 72 109 78 110-0 


The reaction to neutral litmus was always more acid in the urine 
from the left ureter. At first it was almost neutral on both sides, but 
at, 12.8 the urine from the left coloured litmus almost to the same tint 
as normal urine, and at 12.30 the reaction to litmus could not have been 
distinguished from that of normal urine. At this time the right kidney 
was still secreting urine which gave a violet reaction with litmus, te. 
was only slightly acid to this indicator. 


Exp. V. Dog of 25 kg. weight anesthetised as before with chloroform at intervals in 
addition. The manometer cannula was attached to the left ureter with a resistance of 
25 mm. mercury. 
11,10—11.35. Injection of 400 c.c. dextrose solution, 10 per cent. 
2.00—2.28. Injection of 200 c.c. containing 5°85 g. NaCl and 14-2 g. Na,HPO,. 
Phenolphthalein indicator. 


Decinormal potash required 
neutralise P40; in g. 
Time Urine Absolute Per cent. Absolute Per cent. 
11.2111 97 {Bight kidney 64 07 2°65 
kidney 23°0 08 
12.7-~12.57 kidney “40 880 70 
Left kidney 22°83 15 6-7 
1.4—1.47 { Right kidney 23-0 2°5 109 
Left kidney 40 0-2 5-0 
§=§ 650 86-9 55°7 04895 
Left kidney 24°5 17°2 70-2 
2.95—~9.50 kidney 74°4 87°6 50°5 0°494 0°664 
Leftkidney 22% 82°5 144°4 03787 1°661 
2.50—8.10 85 21-7 62-0 0-380 0°9429 


kidney 20 226 02574 1-287 
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3 Exp. VI. A dog weighing 23 kg. anmsthetised as described. Manometer cannula in 

left ureter; pressure 25 mm. 

10.17—10.42. Injection of 300 c.c. containing 17-0 g. of sodium chloride and 6°5 g. dry 
sodium phosphate. 


Time Urineing. Absolute Percent, Absolute Percent. Absolute Per cent. 
Urine in bladder _ 67°0 850 "875 
Right 27°7 28°5 49 5°0 
76°83 23°83 80°5 49 6°4 
11.05 88°2 23°8 27°0 66 75 272 3086 
Left 48°2 18°6 38°6 66 ‘187 "234 4855 
Left 84°6 27°4 5:2 15°0 
Left 23°3 3°85 16°5 8°5. 15 3 
12.5 48 8-4 0°96 20 052 “1083 
Left 22 16°4 82 0415 


In these experiments, in contrast with those already discussed, the 
urine on the unobstructed side was strongly acid to phenolphthalein even © 
at the height of the diuresis; in fact the quantity of decinormal potash 
solution required to neutralise it was often comparable with that required 
by normal dog’s urine. The difference in the reaction when phosphate — 
‘ is injected instead of the chloride group is well seen in Exp. V, in 
which dextrose injection was followed by the secretion of urine almost 
neutral in reaction, while the phosphate, though itself alkaline, immedi- 
ately causes a strongly acid secretion. 

When the urine on the free side was tested with litmus paper, it — 
‘often gave a faint blue reaction, but when examined more carefully 
with neutral litmus solution it was invariably feebly acid at first. 
Later in the diuresis the acid reaction became more accentuated and 
often towards the end it gave a colour with litmus similar to that given 
by normal dog’s urine. 

On the side on which the flow of urine was obstructed the acid 
character was much more pronounced from the beginning. As a rule 
somewhat less alkali was necessary to colour phenolphthalein, but when 
the percentage was calculated a much larger proportion was found to 
be necessary. Tested with litmus solution the urine was at first 
slightly more acid than on the free side, but did not give the character- 
istic red obtained from normal urine. As the diuresis passed off, 
however, the red became more distinct and the red reaction to litmus 
was invariably obtained much sooner on the obstructed side. Very 
often this red was given on the obstructed side, while the urine of the 
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198 A. R. CUSHNY. 
free side still reacted with a violet and would have been considered 
neutral or alkaline on ordinary clinical examination. | 
The other constituents presented no important differences from 
their behaviour when members of the chloride group were injected, 
except that the phosphates were of course present in large amounts on 
both sides. On the obstructed side the phosphates were reduced in 
absolute amount, but much increased in percentage; their relative 
proportion on the two sides was often almost exactly the same as the 
proportion of acidity as titrated with phenolphthalein. In some instances, 
however, the parallelism was not complete, the fall in the absolute 
amount of phosphate on the obstructed side being greater than that of 
the acid, so that the percentage of acid increased more than the 
percentage of phosphate. Occasionally even the absolute amount of 
acid rose on the obstructed side, while the phosphate fell, and these 
divergences appeared to be too large to be explained as due to errors in 
estimation. When the acidity was titrated with litmus as indicator, the 
parallelism between the phosphate and the acidity fails altogether, the 


change in the percentage of the latter on the obstructed side being 


much greater than in that of the phosphate. 

These results indicate that one essential factor in the secretion of 
acid urine is the presence of certain salts, notably the phosphates, in — 
sufficient amount. In fact as far as the reaction to phenolphthalein is 
concerned, the presence of phosphates is all that is necessary, for the 
free ureter supplied urine which, while not quite reaching the percentage 
of acid ordinarily seen in normal urine, approximated it fairly closely. 
The litmus reaction, however, may be compared to that of the blood 
rather than to that of the urine in the beginning of the secretion of the 
free side. Only as the diuresis was passing off did the litmus reaction 
come to resemble that of the normal urine, but the change was found 
to be much accelerated by retarding the flow .through the ureter. 
This indicates that in the beginning of the diuresis the phosphate was | 
combined with sodium in such proportions that the phosphate ion could 
compete successfully with the phenolphthalein, but only with partial 
success with the stronger acid ion of litmus. On the obstructed side 
the phosphate was somewhat more successful in the beginning, and 
soon the litmus was unable to offer any more competition ‘than in 
normal urine. The still stronger methyl-orange, however, still was able 
to attach some of the sodium in the urine. In other words, the result 
of obstruction was to alter the proportion of phosphate and sodium in 
favour of the former. And as the phosphate was reduced in absolute 
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quantity on the obstructed side, the sodium must have fallen to a more 
marked degree. 


The exact result of obstruction of the ureter on the secretion of the — 


kidney is still a moot point. Filehne’ holds, as I apprehend his views, 
that it may reduce the amount of the glomerular secretion or may 
affect the secretion of the tubules. I have as yet seen no reason to 
withdraw from the position first taken by Heidenhain and supported 
by my own previous experiments, that the ordinary effects consist in an 
acceleration of the absorption from the tubules into the blood. 

On this view the increased activity on the obstructed side must 
have been due to the absorption of some of the constituents of the 
glomerular fluid. As far as the phenolphthalein reaction is concerned, 
most of the results might be explained by the absorption of water only, 
for the change generally consisted merely in an increase in the percentage 
of acid. This fails to account for the change in the litmus reaction, 
however, for when the urine of the obstructed side was diluted to the 
volume of that of the free side it still gave a stronger acid reaction. 
And as the phosphate was not increased, it follows necessarily that 
more sodium than phosphate was absorbed on the side on which the 
resistance was present. 

The effect of phosphate injection on the acidity of the urine as 
compared with that of chloride, sulphate, &., may therefore be explained 
as follows. In an ideal glomerular fluid containing only chlorides, the 
ions would be Na- and -Cl with traces of -OH and -H in equivalent 
proportion from the dissociation of water ; the reaction would be neutral 
to all indicators. Chloride ions are absorbed in the tubules, but as an 
anion cannot be absorbed without its cation, it follows as a corollary to 
the absorption of chloride that the sodium ion can permeate through 
the epithelium of the tubules. As an equivalent amount of -Cl accom- 
panies the Na-, the reaction of the urine remains neutral. In the case 
of Na, Na, SO, ions in the glomerular fluid, many of the -SO, ions fail to 
penetrate the epithelium and the result must be that Na- ions are held 
back in the tubules and appear in the urine; otherwise the urine would 
contain free sulphuric acid. In the case of the phosphate, another 
factor comes into play, because the dissociation of these salts is so 
imperfect that a disproportion in the -HO and -H ions of water is 
created. Thus in the blood or glomerular fluid the sodium phosphate 
gives rise to the ions Na-, Na-, Na-, = HPO,, -NaHPO, and the hydro- 


1 Filehne u. Ruschhaupt. Pfliiger’s Arch. f. d. ges. Physiologie, xev, p. 409, 1903. 
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lysis to -HO in excess over the H-. Of these the sodium ions can 
permeate the epithelium readily as is shown by the absorption of NaCl. 
The = HPO, on the other hand permeates with difficulty as is shown 
by the small amount which disappears on the obstructed side. The 
= HPO, holds back from absorption some cation, while the Na- may be 
absorbed’ if any permeating anion be found to accompany it. This is 
furnished by the -OH ions arising from hydrolysis, the H- remaining in 

the urine. The process may be illustrated by the scheme below, in 


H- : Nai- Na- Na- 
-OH ‘= HPO, -NaHPO, 


which the ions of the glomerular fluid containing sodium phosphate are 
represented ; those which permeate the tubules are enclosed in dotted 
lines, while the remainder represent the conditions in the urine. - 

The removal of NaOH of course increases the acidity of the urine. 
The degree of acidity is, however, limited because the acid H,PO, is a 
strong, readily dissociating. molecule, that is, the hydrolysis ceases as 
soon as the phosphate in the tubules corresponds to the formula 
NaH,PO,, and when this occurs Na- can no longer be absorbed with 
-HO as an anion any more than it could be absorbed without the anion 
from Na,SO, or NaCl in the urine. On the other hand the alkalinity 
is limited unless absorption is unusually imperfect, because Na,HPO, — 
always hydrolyses and permits of the absorption of sodium or hydrate’. 

The kidney therefore does not actively decompose neutral or alkaline 
salts and excrete the acid, but merely separates out certain permeating 
and preexisting ions from others which fail to permeate. 

Even on the unobstructed side a considerable amount of absorption 
must go on at the height of diuresis, for the reaction was never actually 
alkaline to litmus under phosphates, while the blood and the glomerular 
fluid were presumably alkaline to this indicator. 

The exceptional results of phosphate injection on the reaction of 
the urine may thus be ascribed to the hydrolysis which accompanies 
their solution and to the fact that the anion fails to permeate the 
epithelial lining of the renal tubules. Some experiments were performed 
to find whether other hydrolytic salts had the same effect. | | 


‘The alkalinity (to litmns) of the urine of herbivora appears to indicate that the ions 

of the alkaline earths present in quantity in the blood and glomerular fluid fail to 

permeate the epithelium of the tubules; they also form insoluble phosphates and thus 
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Exe. VIL. A dog of 20 kg. anzsthetised as usual. Manometer cannula on the right 
ureter with a pressure of 25 mm. mercury. 7 . 


11,40—11.48. Injection of 10 per cent. dextrose. 

1,00—1,20. Injection of 200 c.c. containing 18-7 g. dextrose and 7g. sodium carbonate 
(dry). | 

2,192.81. ‘Injection of 150 c.c. containing 5°85 g. sodium chloride and 7°1 g. dry sodium 


phenolphthalein 
Time Urine Absolute Percent, Reaction (litmus) C0, in mg. 
Left kidney 28 12 acid 
12,35—55 
1.00--1,90 {Lett kidney 182 
beget kidney 85°5 12 8°4 neutral 64 
1.23—1.48 kidney 51°5 12 2°3 alkaline 165°8 
Right kidney 09 26 slightly alkaline 105-5 
Left kidney 24 06 2°5 73°77 
1,52—2,12 
kidney 0°3 23 neutral 
Left kidney 188 
Bares kidney 2 108 651° 


In this experiment the carbonate induced no such increase in the 
acidity of the urine as occurred when phosphate was injected and indeed 
the contrast is accentuated by the rapid rise in acidity following the 
Injection of phosphate at the end of the experiment. Yet carbonates 
are hydrolysed in solution more extensively than phosphates, and the 
sodium and hydroxy] ions could thus be absorbed from the glomerular 
fluid in the same way as from phosphates. The difference in the result 
of carbonate injection”appears to be explicable by two factors; in the 
first place carbonic acid is a much weaker acid than phosphoric and has 
to be present in very considerable concentration to act on even phenol- 
phthalein. But it is at least possible that if all the carbonate of the 
glomerular filtrate had reached the ureter in the form of carbonic acid, 
it might have rendered the urine appreciably more acid to phenol- 
phthalein. A second point in which the carbonate differs from the 
phosphate, however; is in its permeating the renal tubules much more 
readily, In this experiment the percentage of CO, on the obstructed 
side is lower than on the free one; 1.¢. carbonic acid escapes from the 
renal tubule more readily than water, in this resembling the chloride. 
The phosphate on the other hand permeates the wall of the renal 
tubule with difficulty. The relative permeability of the phosphate and 
carbonate ions is well shown in an experiment in which they were 
injected together. 

PH. XXXI. 
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‘Exp. VIII. Dog of 16 kg. anmsthetised as usual. Manometer cannula on the left. 
Injection of chloride and sulphate of sodium mixed. 


11.48—12.00. Injection of ee sodium phosphate and 8°5 g- sodium 


carbonate.. 
Decinormal potash required 
Clin 
Right ureter 587 185 261 98087 664 462 

Abecebed 871 8-4 | 1370 
Absorbed in percentage 69 25 44 96 90 


The carbonate is therefore absorbed much more readily than the 
_ phosphate by the renal epithelium, and one of the essential factors in 
rendering the reaction of the urine acid is absent when carbonate of 
sodium is injected. The same result is obtained when the bicarbonate 
is injected. Another constituent of the urine which may be a factor in 
the reaction is the urate ion. Unfortunately the urates are too insoluble 
to permit of their injection intravenously in strong solution, and their 
efficiency in changing the reaction could not be examined in the same 
way as the other salts. 

In one experiment the effect of boric acid on the reaction was 
observed. The titration of boric acid solutions with phenolphthalein as 
indicator is notoriously difficult owing to the very slow change in colour 
which occurs, Even after considerable practice with the acid and with 
borates I found it quite impossible to obtain anything better than 
approximate results. The change induced by its injection is so marked, 
however, that there can be no question I think as to its interpretation. 


Exe. IL (continued). An accident occurred to the manometer cannula so that only 
the urine on the unobstructed ureter was collected. 


2.00—2.25. Injection of 800 ¢.c. of a 10 °/, solution of dried borax tetideesd nearly neutral 
with hydrochloric acid. 


phenolphthalein 
1,14—2.00 126 8°5 2°8 neutral 
2.00—2, 25 99 17°1 17:3 3°5 85 
2.25—2.55 120 20 16°7 15°6 13-0 
2.55—3.40 78 16°4 21:0 8°5 4°5 


In this experiment the phenolphthalein indicated a marked increase 
in the acidity of the urine such as has been described after phosphate 
injection ; but the urine was strongly alkaline to litmus. This indicates 
the presence in the urine of a salt which is stronger in its affinities than 
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phenolphthalein, but weaker than litmus, while after phosphate the 
combination in the urine is slightly weaker than litmus, but stronger 
than methyl-orange. The results cannot be considered decisive owing 
to the difficulty in titrating the acidity in the presence of boric acid, but 
I think it may be regarded as supporting the statement that only those 
salts which are capable of marked hydrolytic dissociation are capable 
of — the urine acid. 


SUMMARY. 


The reaction of the urine varies within strict limits in diuresis ; it is 
never alkaline to phenolphthalein nor acid to methyl-orange, and thus 
corresponds approximately to the interval in reaction between mono- 
and di- sodium phosphate. The intravenous injection of most saline 
diuretics is followed by a marked fall in the percentage acidity, partly 
because the phosphates are present in only small amount and partly 
because the absorption in the tubules is deficient. Phosphates injected 
intravenously give an acid reaction to the urine which is especially . 
marked when the diuresis is partially prevented by increasing the 
absorption of the tubules. This is explained by the hydrolytic dis- 
sociation of the phosphates of the glomerular fluid, which permits of © 
the absorption of the cation along with hydroxyl or carbonate anions ; 
these are capable of permeating the epithelium, while the phosphate 
anion fails to penetrate it so freely and remains in the tubules = 
with the hydrogen cations replacing the original ones. 

The essential factors in the secretion of acid urine are (1) the jiaabece 
of salts in the glomerular fluid which are capable of extensive hydrolysis 
and of which the cations can permeate the epithelium, while the anion 
fails to do so in equal measure, and (2) sufficient absorption in the 
renal tubules. The phosphates alone of the salts examined fulfil these 
conditions completely. The carbonates fail to do so because the anion 
is absorbed, and the borates satisfy the conditions only in relation to 
phenolphthalein because the anion is too weak to compete with the 
anions litmus. 
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STUDIES ON THE MAINTENANCE OF THE EQUI- 
LIBRIUM OF MOTION AND ITS DISTURBANCES, 
SO-CALLED “FORCED MOVEMENTS.” By L. J. J. 
MUSKENS, MD, Amsterdam, Holland. (Five Figures in 
Text.) 


EXPERIMENT has taught us that for vertebrates with bicsiniinial posture 
we have to distinguish two principal types of forced movements in the 
strict sense, i.e. Ist, rolling movement, that is locomotion (rotation) in 
@ plane, vertical to the longitudinal axis; 2nd, circus movement, 
locomotion in a cirele in a horizontal plane, corresponding with the 
_ longitudinal axis of the body’. It is well to abandon the conception 
of some authors, who recognise two more forms of forced movement ; 
clock-like movement and screw-like movement. 

Repeated observations upon animals, from Selachians to Mammalians, 
lead to the conclusion, that the latter forms of locomotion are essentially 
circus and rolling movements under special conditions, viz. circus 
movements with a very short radius, and rolling movements, combined 
with a forward locomotion. 

These two principal types of ‘cial. movements are either complete 
or partial. If complete, they manifest themselves in actual movements 
of rotation, nearly always interrupted by intervals of rest. During 
these intervals of rest, trunk, head and eyes are kept in a peculiar 
position which is characteristic for particular forced movements and 
corresponds with them. If incomplete, only a tendency to those forced 


movements is present, or only the characteristic position of trunk, head 


and eyes, or even a forced position of any one of these alone is found. 
A. further common characteristic of the forced movements and 


1 At present I will only mention a third type of forced movement, i.e. locomotion in a 
plane, vertical to both planes, mentioned above ; a plane corresponding with the longitu- 
dinal axis of the body and vertical to the horizontal plane. In its complete form it is, 
perhaps, only met with after adequate lesions in invertebrates (arthropods); in its 
incomplete forms (falling backwards or forwards, with analogous phenomena in the motion 
of the eyeballs) it is met with in the higher vertebrates after lesions in the middle lobe of 
the cerebellum and the mesencephalon, also in some pathological cases. 
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allied phenomena after adequate lesions of the central nervous system 
is, that as a rule they are of a passing character, ie. they tend to 
disappear or to become compensated. This holds good especially for 
the actual forced movements, which are often shortly after an adequate 
= He Ae lesion very vehement, but less so for the forced positions. 

As these last remain long after the actual movements have dis- 
appeared and often are present in lesions where no forced movements 
could be detected, the forced positions are to be studied at the same 
time. 

Lastly, it must be pointed out as a characteristic of real forced 
movements, that paralysis of muscles or groups of muscles is not the 

cause, nor does it accompany any of the manifestations of the forced 
movements, although paralysis occasionally may be brought about by 
the lesion which has produced the latter. 

To these forced movements, although they are common phenomena 
after any lesion of the cerebro-spinal axis, proximal to the exit of the 
eighth nerve, it seems to me, inadequate attention has been paid. 
Due observation of the phenomena observed in lower vertebrates 
(especially of the eyeballs) can throw light on the genesis of some 
similar phenomena met with in higher vertebrates. I will however 
point out from the start, that our knowledge of this question entirely 
acquired from lower cold-blooded vertebrates and mammals with hori- 
zontal posture cannot be applied without the severest criticism for 
beings with erect posture, as the system of nervous arrangements for 
the equilibrium of motion must have undergone some fundamental 

changes of its function when the locomotion in a plane, parallel with 
the longitudinal axis of the body, was given up for locomotion in a 
plane vertically placed to that axis. This becomes more evident, if 
A one bears in mind that the two principal forms of forced movements, 
| viz. rolling and circus movements, are practically identical in the case 
of the mammal with erect posture, that is, only different in radius of 
circular locomotion, whereas we saw, that in the large majority of the 
vertebrates these two forced movements are performed in planes 
vertical to each other. ) 
? My own work on this subject has been carried out along lines laid — 
|. down by comparative physiology. 

This mode of procedure, besides other advantages, enables one to 
separate the constant and fundamental phenomena from accidental 
ones, merely dependent from a special organisation, or from the medium 
in which the animal is living. It can be stated, with certainty, that 
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the occurrence and predominance of any of the three principal forms of 
forced movements, 4.¢. rotating movements in the horizontal and in the 
two vertical planes, depend largely, if not solely, from the most 
customary mode of locomotion of the animal in question. These forms 
of locomotion. are, I take it, firmly preformed and fixed in the 
physiological organisation of the nervous system. So we may expect, 
as far as the invertebrates are concerned, more easily to cause circus 
movements in the vertical plane, corresponding with the longitudinal 
axis of the body, in shrimps, which often in ordinary life make similar 
movements, than in land-living arthropods, which hardly ever do so; 


equally difficult we shall find it to elicit rolling movements in seabe, | 


which, as is well known, hardly ever are inclined to make a similar 
rotatory movement spontaneously. 

What follows is an account of experiments conducted ne these 
lines; at the same time I cannot claim originality in the majority of 
the experiments. 

Whereas most of my personal observations vertebrates, 
- a short account may be added of what I had recently the opportunity 
"to see of forced movements in a class of animals, so profoundly 
differently organised as are the octopods. It may at least serve as a 
proof that wherever free locomotion occurs in the living nature forced 
movements are prone to occur. 

The subject of forced movements has naturally very many points of 
contact with the so-called compensating movements of eyes, trunk and 
extremities. Some authors explain these forced movements as even 
caused by the sensation of dizziness counteracting them. Yet I think 


we can and must keep them physiologically quite apart. Also we have — 


opportunity in the octopods to observe very complicated compensatory 


movements which have no relation whatever with real forced movements’. 


OcTOPODS. 


These creatures perform two forms of locomotion. — Firstly they will 
sit down quietly on the bottom of the tank and bring forward slowly 
their arms in such a way that the body moves slowly in the same 
direction. The eyeballs are constantly moved about reconnoitring the 
field. The lateral position of the eyes excludes a binocular visual field, 
so that the eyes move in complete independence. The other form of 


1 Compare Engelmann’s Archiv fiir Physiologie, 1904, pp. 49—56. 
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movement is a rapidly shooting locomotion. It is caused by powerful 
rhythmic contractions of the mantle-clock. A natural result of this 


--motion is that ita direction is backward. The arms are carried in the 


rear in flaccid condition and as a slender body, head and eyes directed 
backward, the animal will shoot with great velocity — the tl 
wall of the tank. — 

The pupils of the octopods are oblong, and in all positions, whatever 
the locomotion may be, the position of these pupils remains the same, i.e. 
horizontal. Even in the extreme inclined position, especially if the head 
is bent forward, this holds good. Only after extirpation of the otolitic 
organ on one side this horizontal reflex will disappear on the side 
operated upon. As to their forced movements I observed them more 
or less frequently in all three planes. Especially frequently was seen 


rotation around the longitudinal axis of the body. Especially after 


extirpation of one otolitic organ (from the ventral side) the rotation 
takes place to the side of lesion. After this operation the arms of the 
animal, while sitting quiet or moving slowly forward, are sometimes 
placed in a spiral on the bottom of the tank. 

Real constant circus movements I never observed, neither after one- 
nor after double-sided operation. Occasionally, however, I saw them 
occur after one- or double-sided severance of the otolitic organs. 
J.v. Uexkill’ observed circus movements to the non-operated side 
after section of the posterior commissure; the author ascribes these 
movements to the curious curved position of the neck of the animal. 

The manége movement in the vertical plane coinciding with the 
longitudinal axis of the animal is seen, as far as my observations go, 
only after double-sided severance of the otolitic organs. 


LOWER VERTEBRATES. 


Some of the Selachians (Acanthias, Scyllium) for various reasons 
are certainly most useful for experimental work in this line. During a 
research work in the Zoological Station at Nieuwediep in 1893 my 
conclusions were: 

1. Hemisection of the cerebro-spinal axis through the optic lobes 
(mesanaaphaion, homologon to the corpora quadrigemina of the higher 
vertebrates) constantly produced circus movements towards the uninjured — 
side, with shorter or greater radius. This is quite in agreement with 
the results of Steiner’. 


1J.v, Uexkiill Zeitschrift fiir Biologie, 31, 8. 584. 1894. 
* J, Steiner. Functionen des Central-Nervensystems. 1. Fische. Braunschweig, 1888. 
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2. Hemisection of the medulla oblongata, proximally to the exit of 
the 8th nerve, produced with the same constancy rolling movements 
towards the injured side’. 
| It may be added, that in both cases the body of the animal (as 

well as its eyeballs) was kept also during rest in a forced position, 
corresponding with the mode of movement, t.¢. in the first case the 
vertebral axis was bent, with the concavity to the unimpaired 
side; in the second case the trunk was kept more or less in a 
spiral, tail and dorsal fins deviated also correspondingly* In both 
instances the movements were observed in individual cases for many 
days, till the animal died from confinement in the tank, and after death 
the forced position was to a certain degree kept up, due to an asym- 
metrical manifestation of the rigor mortis. I can add that by subsequent 
operations the possibility could be excluded, that either defective visual — 
field or alteration of the eyesight, or altered innervation of the eye- 
muscles, caused by the operation, had anything to do with the resulting 
abnormality of locomotion. 

Having realised the above essential phenomena I was struck by 
the relation which appeared to exist in these animals between rolling 
movement to the impaired side and circus movement to the unimpaired 
side. The rolling to the impaired side after hemisection of the upper — 
part of the medulla oblongata was often interrupted by circus move- 
ments to the unimpaired side of short radius, and this was noticed to — 
happen the more frequently the more proximally the hemisection was 
applied. Qn the other hand it was noted, that the animals operated 
upon the mesencephalon, and performing their circus movement to the - 
healthy side, were usually bent over to the impaired side, 1.¢. if the 
animal was lying on the bottom of the tank, it rested not on its belly, 
but rather on its flank, corresponding to the side operated upon. 

This position of the body, showing a tendency to roll to the impaired 
side, became the more marked the more distally the hemisection was 
performed, and actual rolling movements interrupted more and more 
the circus movement to the unimpaired side. It was further noted, 
that asymmetrical operation, proximal to the optic lobes, as well as 
operations upon the roof of the optic lobes, caused no such abnormalities 
of locomotion, and that faradic excitation of these proximal parts did 


I To preclude misunderstanding it may be stated, that if the B(ight) side was operated 
upon, as was the case as a rule in my experiments, the sidewards locomotion, produced by’ 

* Compare J. Loeb, Archiv fiir die Ges, Physiologie. 1898. 
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not produce any motion of trunk, tail or fins, whereas excitation of the 
deeper layers of the mesencephalon produced vigorous kicks of the tail 
to the side stimulated and various movements of the eyeball of the 
same side’. Lastly, I noted that in embryos of Mustelus vulgaris and 
of different Ragidae of 2 cm. length and less, by pricking with a fine 
needle through the isthmic portion of the cerebro-spinal axis, similar 
results were obtained, the creature winding itself up as far as possible 
around its own umbilicus. 

Numerous experiments in frogs have borne out the main facts 
pointed out above. After unilateral lesion (on the right) high up in the 
medulla oblongata (proximal to the point of exit of the VIIIth) the 
screw-like position of the body and limbs is very marked (Fig. 1); 
the left eyeball bulges, the right pupil is smaller, the right cornea 
reflex absent; the right foreleg is adducted, the left one abducted, the 
right hind leg is drawn up, the left one extended, the head is rotated 
along the longitudinal axis towards the right side! and also bent to the 
right side. All this is best observed if the animal is floating in water ; 
the photograph (Fig. 1) is taken from above, the animal floating in 


Fig. 1. 
water. Here again it 5 ation the observer how nearly related are the 
two above-described forms of forced movements, rolling to the impaired 


1 Compare J, van Deen. Nieuw Archief voor Binnen- en Buitenlandsche Geneeskunde 
in haar geheelen omvang, iste Jaargang, 1848, p. 304. Compare Ferrier, Functions of 
the Brain, pp. 72—84. 
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side and circus to the unimpaired side. This combination manifests 
itself in the leaps these frogs will make after a few days; they will 
jump to the left and come down on the right flank. As a rule 
immediately after the lesion they perform rolling movements to the 
right with great vigour; this rolling becomes less marked after a while 
and is replaced by circus movements to the unimpaired left side, first 
with a smaller, later with a greater radius. Quite in accordance with 
what I noted above for the sharks, it was with great constancy observed 
that the more proximally the hemisection was performed (the base of 
the mesencephalon being the most proximal point), so much the more 
the circus movements to the unimpaired side prevailed. These frogs, 
also.those which immediately after the lesion of the base of the optic 
lobe commence their circus movements and keep them up for many 
weeks, will keep their head bent over the impaired side, showing a 
tendency to roll to the right impaired side. 


Fig. 2. 


In frogs the forced movements are very persistent. Ina a many 
cases the rigor mortis made its appearance in an asymmetrical way’ ; 
this phenomenon is however better studied in warm-blooded animals. 


If we compare the results reached with frogs and sharks, we 


arrive at the conclusion, to which point also a number of experiments 
- in various other lower vertebrates :— 


1°. That rolling after unilateral lesion of the hind-brain, and circus 


| 1 Starting from the idea that simple forced movements and positions are due to 
a difference in the muscular tone on the two sides, or some other asymmetrical condition of 
tone in certain muscle groups, I cut in two specimens of Rana catesbeiana on one side all 
the posterior roots. In both cases very marked curvature was produced in the bodily 
axis, with the convexity to the side of the lesion, in one case _— —e ermine 
along the longitudinal axis to the side of the lesion, 
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movement after unilateral lesion of the base of the mid -brain, appear 
to be, in lower vertebrates, fundamental phenomena, especially localised 
in these parts. 

2°. Phat rolling to the impaired side and circus movement to the 


| non-impaired side are phenomena physiologically narrowly related. 


3°. That in these experiments on the simple organised vertebrates 


- there is no reason to believe in any diametrical opposition of forced 


movements of an irritating and of a paralysing nature—any more than 
we recognise a similar opposition after a lesion of the semicircular 
AND CATS. 
Most of my observations on rabbits date back from some years ago, 
and what I shall have to say about them refers largely to phenomena 


seen after a puncture in the cerebellum, applied 2—3 mm. posterior 
and lateral to the external occipital protuberance, piercing the middle 


_ peduncle. The puncture was performed with a long steel needle, the 


animal being anzsthetised with ether ; the needle was thrust vertically | 
to the base of the skull, in a slightly forward direction. As to the - 
observations in cats, they were made after various unilateral operations 
upon the cerebellum and its peduncles on Mr Horsley’s suggestion. 
I found rabbits and cats also useful, from which I had extirpated 
the right flocculus in order to study the subsequent degeneration 
in the central organs. In both animals section of the middle peduncle 
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was the most effective in producing rolling movements. The rabbit is 
a very convenient animal in this line, on account of the vehemency of 
the forced movements and its free mobility of the eyeballs. 

By all these procedures mostly rolling movements to the injured (right) 
side were produced, i.e. when the animal was placed on the floor the 
sideward locomotion took place to the right of the animal (Fig. 3), being 
in its primary position (like a right-handed screw, after the expression 
used by Risien Russell); especially so if the middle peduncle was 
injured. Whereas all the preceding observers make the same statement, 
as far as the rolling movements are concerned, the most astonishing 
discrepancies are found in the literature about the direction in which 
this takes place. The authors to whom I allude experimented upon 
the cerebellum, the peduncles and the pons. Longet’, Lafargue’, 
Friedberg’, Leven and Ollivier*, Luciani’, and Russell’, after 
ablation of a lateral lobe of the cerebellum in a dog, recorded rolling 
movements to the uninjured side, Magendie’, Schiff* and Ferrier and 
Turner’, and A. Thomas” to the injured side. If it be accepted, that 
the direction of rolling should be named after the side of the animal in 
its primary position, to which the sideward locomotion takes place, my 


results correspond with those of the last authors. In regard to this — | 


important point it appears to me that the discrepancies of these 
competent observers are largely due to: (1) Inadequate nomenclature 
of the resulting forced movements. Especially the French observers 


did not always distinguish the two types of rotation: rolling and circus — 


movement, the word “rotation” being often used for both of them. 
(2) Incorrect description of the direction in which the rolling tock 
place. To this source of error clinicians were particularly liable, as they 
were inclined to apply expressions, in use clinically, to phenomena 
observed in experiments. If an animal tends to roll to the right (<.e. 
sideward locomotion with regard to the primary position) the face will 


1 Longet. Anatomie et Physiologie du syst2me nerveux, Paris, 1842, 1, p. 735. 

3 Lafargue. Thése inaugurale. Paris, 18388. 

3H. Friedberg. Virchow’s Archiv, xxu. p. 61. 1862. 

* M. Leven and A. Ollivier. Archives générales de Médecine, 1862, p. 2, et xxv. 
p. 518. 1863. 

5 L. Luciani. Das Kleinhirn, 1893. 

¢J.8.BR. Russell. Phil, Trans., cuxxxv. p. 887. 1894. 

7M. Magendie. Journal de Iv. p. 399, 1894, and Legons sur les 
fonctions et les maladies du systdme nerveux, Paris, 1841, I. p. 265. 

§ M. Schiff. Lehrbuch der Physiologie, 1. p. 354. 1858. 


* D. Ferrier and A. Turner. Phil. Trans. Royal Society, oLxxxv, p. 726. 1994, 
A. Thomas, Cervelet, p. 325, 1897, 
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be turned to the left side, or, after Ferrier and Turner, there will be 
tilting of the chin to the left side, and some observers will call the 
actual rolling in that sense rolling to the left.. On the other hand 

many observers simply stating that the animal turned to the right 
neglected to point out whether this was meant from the standpoint of 
the animal or of the observer, as was already observed by Prevost?; in 
the last case, of course, it makes all the difference whether the observer 
stands in the back or in front of the animal. , 

After careful consideration and comparison of the work of authors, 
who worked in similar lines, I find that most statements agree with the 
general result obtained by me in numerous unilateral experiments on 
the cerebellum and its junctions with - cerebral axis in rabbits and 
a good many ones in cats. 

A brief résumé of these results is as follows: 

Unilateral lesions of the middle and upper cerebellar 
peduncle and unilateral (partial more than complete) removal 
of a lateral lobe of the cerebellum cause rolling movements 
to the side of the lesion, or at least tendency to it, 4.¢. 
forced position in the same sense (screw-like position). 


The most vehement rolling was observed both in the cat 


and in the rabbit after lesion or section of the middle 
peduncle and the tuberculum acusticum. 
As to the unilateral lesions of the lateral lobe of the cerebellum it 


1 In Luciani’s admirable work on the cerebellum (German translation, p. 88, 1893), 
some notes can be found which show how advisable it is to keep to one way of describing 
these phenomena, as accepted by me. The animal’s head is turned so “ that the L. ear is 
in a higher plane”; this animal, which turns ‘‘in the same direction,” rolls to the L., 
according to Luciani, whereas it is surely to the R. that the locomotion takes place. 
Equally H. Fried berg’s (Virchow’s Archiv, xxu. p. 61, 1862) patient, in whom after death 
a hemorrhage was found under the tentorium on the L. side, performed movements of 
rolling and circus to the diseased side, after Friedberg ; after the above nomenclature the 
rolling was performed to the impaired, the circus to the intact side. R. Russell’s mode 
of describing the direction of rolling, viz. after the direction of the movement of the upper 
quadrant (British Medical Journal, p. 909, 1897) is no doubt as correct as the way advised 
here (after the direction of the resulting locomotion), but is not'as simple. Where we 
have to deal with rotation in man, it is my custom, as is also Russell’s, to imagine the 
person in question in the all-four-position and name the direction after the usual way. 
P. Gratiolet and M. Leven (Comptes rendus de Académie des Sciences, 51, p. 17, 1860) 
state that Schiff and Cl. Bernard reconciled the difference in the alleged 
of the rotation after cerebellar lesions, in that they showed, that Lafargue and Longet 
(as later R. Russell) caused experimental lesions especially of the anterior fibres of the 
middle peduncle, Magendie of the posterior bundles. At any rate it appears probable, 
that a detail in the operative procedure is largely responsible. 

2J.L. Prevost. Gazette médicale de Paris, p, 117, 1869. 
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must however. be understood that neither vehemence nor the duration — 
of these rolling movements is directly proportional to the extent of the 
lesion. A very good illustration of this was obtained in a series of 
three experiments I lately performed upon cats. In the first I removed 
only the ventral part of the flocculus, in the second the whole flocculus, 
in the third nearly the whole of the lateral lobe: the second presented 
the most typical rolling movements and forced position for several 
weeks; in the first these were less marked, and in the third hardly to be 
observed at all. According to Risien Russell, who obtained similar 
results, this is due to the fact, that in the last case there is less increase 
or tension in the cerebellum than in the first. Apart from this influence 
of the tension, or perhaps partly dependent from it, there was found in 
these animals a different degree of degeneration of the tuberculum 
acusticum and the corpus trapezoides. The amount of degeneration in 
these bodies appeared directly proportional to the amount and vehemency 
of forced movements observed during life. The importance of the tuber- 
culum acusticum, in regard to resulting forced movements, was already 
pointed out by Curschmann’. In these animals, as was the case in 
sharks and frogs, the rolling movements to the impaired side were many 
times associated with circus movements to the unimpaired side ; in some 
cases when the rolling movements became less marked they were inter- 
rupted and usually replaced by circus movements to the unimpaired side, 


| first with a smaller, later with a greater radius, the trunk being bent in 


the same sense, ¢.e. concave to that side. 

The somewhat complex and at the same time important changes in 
the mobility of the eyeballs have not received sufficient attention in 
the work of preceding authors. (i) The deviation of the eyeballs in 
typical cases (after section of the right middle peduncle) is easiest to 
see in the rabbit, with its monocular vision. The right eye is deviated 
down and forward; the left eye is turned up and backward (“skew 
deviation” of R. Russell*). In the cat the right eye is turned down 
and to the right. The left eye is turned up and to the right. (ii) 
There is found constantly a rotation of the eyeballs around the visual 
axis. This is best studied in the cat with the slit-like pupils. If this 
animal, whose pupils normally slightly converge upward in such a way 
that their long axes meet about 4 inches above the head, is brought 
after the operation in front of some strong light, it is found that the 
eyeballs are rotated in such a way, that the lower portion of the 


1 Deutsches Archiv d. klin. Med., x11. p. 856. 1874. 
Phil. Trans. Royal Society, ouxxxv. 1894. 
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vertical meridians deviates to the left, the upper portion to the right, a 
rotation therefore in the same sense as the rolling movements (Fig. 4, 
A, B), -In the rabbit one finds with the same constancy. the upper part 


Fig. 4. 


of the right pupil rotated backward, the upper part of the left pupil 
rotated forward. We notice therefore a most striking difference in the 
behaviour of the eyeballs of the cat on the one hand and the rabbit on 
the other. In the cat one finds both eyes deviated in the same 
horizontal direction and also rotated along the visual axis in the same 


direction; whereas- in the rabbit not only the eyeballs deviate, the 
right one down, the left one up; but also the deviation in the horizontal 
plane, in contrast to the rotation around the visual axis, takes place in 
an opposite direction. It appears that the two entirely separate visual 
fields of the latter animal do account for a different way of coordination 
of the motor nerves of the eyeball. (iii) In the cat it is also easy to 
see that the rotatory nystagmus usually occurring in the earlier days 


after the operation is synchronous on the two sides, while the direction 


of the quick jerk of the nystagmus is directed contrariwise to the 
deviation above described; .e. the right eye will jerk upward and to 
the left; the left eye downward and to the right. The rotatory jerk is 
equally directed contrariwise to the rotatory deviation. This form 
of nystagmus therefore is nothing else than a rhythmic jerking opposite 
to the direction of deviation and toward the normal position of the 
eyeball’, It will cease a few days after the operation and can then be 


1 It will be pointed out elsewhere that the nystagmus, elicited: by operative lesion of 
some parts of the cerebral hemisphere, presents different features. 

The form of nystagmus here alluded to is, as regards direction of quick movement, in 
striking contrast to that one of Gowers (Transactions Ophthalmol. Society, rv. p. 309), with 
a small diseased area on the R. side of the pons above the Vith nucleus, woes ee raee 
mus was in the same direction as the deviation. 
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elicited again by rotating passively the head in a sense opposite to the — 


deviation to which the head tends to rotate spontaneously. Another 
interesting fact, which may throw some light on this form of nystagmus, 
is that in deep ether narcosis the eyes are found to be deviated exactly 
in the same way, as it was found after the operation, but exactly to the 
opposite direction. In two cases the eyes had returned in three weeks 
quite in their natural position, and still this reversed deviation in the 
narcosis was very marked. To the frequent abnormal position of the 
eyeballs in ether narcosis Risien Russell? first called attention. He 
noticed in ether narcosis some time after ablation of the cortical area 


for conjugate deviation exactly the same deviation which was observed 


immediately after the operation. 
As to the changes in the size of pupils, it may be recorded that 
after flocculus extirpation in cats and rabbits, the pupil on the side 


operated upon was markedly smaller than the other; the difference 


disappeared in three weeks, Then, during the narcosis a marked 


difference in the size of the pupils was noticed again, however in 


opposite sense; the pupil on the operated side was the larger one. In 
the cats, after ablation of the whole right lateral lobe and after section 
of the middle peduncle no such difference in the pupil was noticed. 

As a rule the forced positions, in fact all the described phenomena, 
become more marked if the animal (especially the cat) is blindfolded 
with strips of plaster. In cases where a few days after the operation 
all symptoms of this kind have disappeared this proceeding will be 
found useful to bring back some of them. 

In the case where the animal does not move spontaneously, informa- 
tion often can be got by simply rotating passively the head one way 
and the other ; rotation to one side only opposes in some cases a special 
resistance. This or tendency to lie on one side only may under cir- 
cumstances be taken as a sign of a tendency to a forced position, 
particularly if this is accompanied with eyeball symptoms. 

Furthermore one may look for : 


1, Deviation of both eyeballs to one side, of both eyes equally or 


one more than the other, either combined with the conjugated devia- 
tion of the head, clinically so masterly described by Prevost and 
Vulpian, or not; 

2. Rotation of the eyeballs around their visual axis. I found this 
first in cats (see above), but it can be demonstrated also in the rabbit 


This Journal, xvin. p.1. 1894. 
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after having taken care to perform an iridectomy as a landmark 
(Fig. 5, A, B); 


Fig. 5. 


3. Certain forms of nystagmus: 
(a) Continuous conjugated nystagmus (of both eyeballs), the rapid 
jerk being performed (a) in the same sense as the deviation of the 
eyeballs, or (8) in the opposite sense. The movements of the two 
eyeballs are not always of the same range and rapidity; 

(b) Nystagmus which is elicited by looking to one side or trying 
to look to one side, or which is more marked while looking to one side 
than to the other; 


.,. (e) Nystagmus which is elicited by rotating passively the head to 


one side or to the other, or is different in character, range and rapidity, 
while the head is rotated to one side or to the other (see the following 


- notes on a cat). 


As I said before, the rolling takes place to the injured side with 
great constancy. With less constancy than in the lower vertebrates it 
is found that the circus movements resulting from said operations are 
directed towards the unimpaired side. Yet, quite comparable with 
what we found in sharks and frogs, the circus movements to the healthy 
side appeared in some cases to belong to the group of phenomena of 
which I tried to give a short sketch; in some other cases the two 
forms of locomotion were to the same side. In many cases when in the 
beginning very marked rolling movements were observed, they would 
after a few days subside and make place to circus movement to the 
other side. 

As to the occurrence of rolling and circus movements after lesions 
of the cerebro-spinal axis, higher up than those which I have dealt with 
above, I must suspend detailed publication, as my observations are as 


PH. XXXI. 15 
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yet not numerous enough. Yet I venture now already to make the — 


following statements : 

1. After lesions higher up ian the optic thalamus (i.e. the cerebral 
hemispheres, striated bodies, etc.) rolling movements or allied forced 
positions are not met with except under very special conditions. 

2. After various lesions of different parts of a cerebral hemisphere 


temporary circus movements with conjugate deviation of head and 


eyes to the same side are a very common occurrence. The direction of 
the circus movement is, in agreement with Magendie, Schiff, Reynal, 
Czermak, Vulpian, Prevost, Munk and Rossolimo, towards the 
side of the lesion. Sometimes these cerebral circus movements to the 
impaired side will be found accompanied with tendency to roll to the 
other side, or at least with a forced position in that sense. The head, 
therefore, will be found bent to the injured side and rotated towards the 
unimpaired side. Schiff found also, in agreement with Longet, that 
a lesion of the distal part of the optic thalamus and lesions below that 
level produced circus movement to the unimpaired side; of the proximal 
two-thirds of the optic thalamus to the impaired side’. 

The following are some of the notes of one of my experiments ina 
cat, to give some idea of the way in which the phenomena develop : 


21.8.00. Cat ¢. Incision of skin along-base of insertion of R. ear, under ether. Neck 


muscles removed. Cerebellum laid bare. After opening the dura, R. flocculus removed. 


As long as the narcosis lasts, nystagmiform jerks of R. eyeball, the rapid jerk being 
directed downward, are observed; the L. eye makes, synchronously with the R. eye, 
similar movements in opposite direction. Horsehair sutures. After the collodion dressing 
has hardened the animal is placed on the floor and makes rolling movements to the R. ; 
after a while they are seen to be interrupted at times by circus movements to the L. The 
R. hind-leg appears to be somewhat atonic, tested by the swing experiment?. 
_ 22.8. Staggers, shows some titubation. Placed on the floor the cat abducts the R. 
forelimb, to keep its balance. Head turned and bent to the R. Pupils R<L. Eyes 
rotated around their visual axis to the R. (Fig. 4B). R. eye directed somewhat down, the 
L. eye upward. After a long rest, on stimulation of the cat’s tail, it turns its head forth- 
with to the L., starts a circus movement tq the L., but is, while doing so, interrupted by a 
rolling to the R. Nystagmoid jerks, conjugated on both sides. They are rotatory of 
character, the rapid jerk being directed in the sense of rotation to the L. Range and 
rapidity of the jerk are dependent from the position given to the head; if the head is 
rotated to the R. (i.e. the sense of the rolling movements) slow jerks of considerable range 
are observed, if the heed is turned by the observer in the inverse sense the jerks are 
quick and of small range. 

24.4.10h.a.m. Head rotated to the R. Slow nystagmus (1 jerk in 2 and 8 seconds). 
Pupils as before. 11h. 25’. After stimulation, circus movements to the L. If the head 
is kept in medium position and also if rotatéd to the R.. hardly any nystagmus is observed ; 


1 Lehrbuch der Physiologie, 1858, p. 854. 
* Neurologisches Centralblatt, 1899, p. 1076. 
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it appears again if the head is rotated to the L. Dropped from 2 feet height back down, 
falls on R. side of body. | 
- 29.8. No nystagmus in any position. Conjunctivitis on R. eye. Some loss of 
cerebro-spinal fluid from the wound. Optic discs normal. Usually the cat walks straight 
or to the R., whilst there is a tendency to fall on the'R. side. As soon as blindfolded with 
plaster strips, the cat turns in a short circus (4 foot radius) to the L., while the forced 
position of rotation around the longitudinal axis to the R. increases. After removing the 
plaster the cat walks again to the R. 

_ 8.4, Rotation of head and eyeballs less marked. Same experiment with blindfolding, 
with the same result, 


9.4. Idem. 12. 4. Pupils equal. Rotation of head and eyes persists. A marked 
resistance is still experienced while trying to rotate the head to the L. 10h. 45’. Superficial 
ether narcosis. First the L., later also the R. eye, shows nystagmus, the quick jerk being 
directed to the R. Deep narcosis: rotation of eyeballs in opposite direction, as during 
life. L, eye somewhat turned up. 


If by rapid bleeding death is caused in an animal which presents 
the complete syndrome of rolling movements to the right side (as well 


im cats as rabbits) a very marked asymmetry in the appearance of the 


rigor mortis is observed’. Careful notes were made about this pheno- 
menon in a number of rabbits in Boston, March, 1898,in Prof. Bowditch’s 
laboratory. While the animal is alive and rolling takes place to the 


- right, the left hind-leg is, as a rule, in a state of greater tonicity than 


the right one; the head is, as said above, rotated to the right. After 
death the animal was suspended, at the ordinary temperature of the | 
laboratory. Asymmetry in the state of tonicity was observed within 
40. Most constantly it was found that the left hind-leg remained 
quite limp, while the right hind-leg became quite stiff; this difference ~ 
was especially marked in the flexors of the joints, whereas the extensors 
of the foot in two cases presented a change in the opposite direction. 
If there was found a marked difference in the condition of the fore- 
legs, the right fore-leg remained longer limp than the left one. It was 
also noted that it was easier to bend the head to the left than to the 
right. This asymmetry in the rigor mortis persisted for several hours. 
In concluding this paper I may be permitted to explain how I have 
become accustomed to look upon the nature of the forced movements 
and allied phenomena. Having regard to the work of Y. Delage and 
others in arthropoda and my own experiments in octopods, I would 


(1 The difference in rigor moztis of different muscle groups finds its expression in 
difference of the two sides of the body in the succession of the rigor in muscle groups and 
also in an asymmetrical degree of rigor; this can hardly cause any surprise, since the 
influence of severance of the peripheral and central nervous system of the rigor was 
studied by Nysten, and by Bleuler, Lehmann and Bierfreund. 
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suggest that all bilaterally symmetrical animals with sndapelileed loco- 
motion are endowed with a system of nervous tracts and centres which 
enables the animal to perform the complicated action of locomotion, in 
which the coordination of vast groups of muscles is needed, in a well 
equilibrated way in three planes; asymmetrical lesions of this system 
' cause the forced movements. The lesion may be localised either in the 
centripetal sphere of this system, otoliths and semicircular canals, or 
may affect one of the intracentral tracts. As to the centrifugal part of 
this system, which finds its leading centres in the mesencephalon and 
post- and methencephalon, there are signs that it has nothing directly 
to do with the pyramidal system, although it appears that nearly all 
voluntary muscles of the body are involved'. To the centripetal sphere 
of this system belong at least the otoliths, the semicircular organs, 
_perbaps in some cases also the eyesight and the sense for touch. The 
importance of the semicircular canals and the vestibular nerve for all 
these phenomena is, I think, not open to doubt. It is well known 
(Flourens, Goltz, Ewald, Cyon) how lesions in any one of them results 
in marked abnormalities in locomotion and forced movements*. In 
Crustacea’ as well as in the octopods it appears that the otolithic organ 
is the principal source of centripetal —e- for the nervous system for 
the equilibrium of locomotion. 

In the Vertebrates with horizontal posture the most common move- 
ments are straightforward locomotion (7.e. in a line, which is the 
resultant of locomotion to both sides) and sideward locomotion. In 
regard to the free mobility of the body, rotation of head, eyes and 
trunk are most common. It appears to me that these complex move- 
ments are preformed in the central nervous system of all bilaterally 
symmetrical animals. Lesions of the particular tracts, which subserve 
these movements, t.e. locomotion in two most important planes, lead to 
forced movements, in the one case circus locomotion, in the other case 
rolling. Furthermore experiments give evidence that rolling to the 
_ diseased side is at least in the lower vertebrates in some way intimately 
related to circus movement to the other side. There is a difference, 


1 Srawe Séquard (Rolling movements. Course of Lectures. Philadelphia, 1860) says 
that in most cases the principal cause is in the irritation of a certain set of nerve fibres, 
the division of which is not followed by paralysis, although they are able to act on muscles 
to produce contractions and even more powerful than those caused by nerve fibres, 
employed by the will in voluntary movements. 

Of. B. Rawitz. Engelmann’s Archiv, 1899, and v. Cyon, Archiv, 

p- 211, 1900, on turning Japanese mice. 
* Delage. Archives de Zoologie, T. v. pp. 1—25. 1887. 
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however, between them in that rolling is never met with in lesions 
higher than the thalamencephalon or even the mesencephalon, whereas 
circus movement is also common after lesions of all parts of the 
hemispheres of warm-blooded animals. As the direction of circus 
movement after unilateral lesion of the distal parts of the cerebral axis 
is towards the unimpaired side and after lesion of the hemispheres 
towards the impaired side, we are led to believe that the particular 
tract in question crosses the median line in the mesencephalon, a con- 
clusion to which also an experiment of Bechterew' must lead. As to 
the accurate place where this crossing takes place, it would be premature 
to discuss. In regard to the tracts whose functions are involved in the 
rolling movements and allied phenomena, it may be remarked, that the 
posterior longitudinal fascicle belongs to them, since Edinger, Held? 
and others showed the relation of this bundle to the 3rd nucleus of the 
- game side, the 4th and 6th nucleus of the other side. This tract also is 
one of the first in acquiring its medullary sheath, in the lower as well 
as in the higher vertebrates, and on the other hand we noted above, 
that in the embryo of Raja, as well as in Vulpian’s tadpoles’, as early as 
locomotion at all is possible rolling movements can be elicited. 

This system then, which we here refer to, whatever tracts may sub- 
serve it, has control of the above indicated forms of abnormal locomo- 
tion, and also of the compensatory movements of the eyes, in the case 
of active or passive turning of the head, and also causes reflexly, with 
the help of the vestibular nerve and its peripheral organ, involuntary 
movements resulting in maintaining the equilibrium of the body during 
any voluntary act. In regard to the fact, which I emphasized above 
for every class of animals in which I performed experiments, viz. that 
there exists a physiological connexion between rolling to the one and 
circus movement to the other side, I am led to believe that the 
mechanical conditions regarding the maintenance of the equilibrium of 
an oblong body necessitate this relation, the more so as this relation 
exists already in the earliest embryonic stages and appears to exist also 
in arthropods and cephalopods. | 

For reading through the paper and correcting the orthography 
the writer is indebted to Dr Swale Vincent. 


1 St Petersburger Med, Wochenschrift, 1882, p. 97. 
2 Archiv fiir Anatomie (und Physiologie), 1898, p. 201. 
8 Gazette Médicale de Paris, 1862, p. 312. 
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ON THE RELATIONSHIP OF THE THYMUS TO THE 
SEXUAL ORGANS'. I. The Influence of Castration 
on the Thymus. By JAMES HENDERSON, M.R.C.VS. 
(Three Figures in Text.) 


(From the Laboratory of the Royal College of Physicians, Edinburgh.) 


In their paper on the Physiology of the Thymus* Noél Paton and 
Goodall point out that in guinea-pigs the thymus continues to grow 
till the sexual organs become active, and that only after. this does atrophy 
occur, They also refer to the observations of Friedleben which indicate 
that in the human subject the thymus increases in size till the fourteenth 
year and that atrophy is not marked until the twenty-fifth year. There 
thus seems to be some evidence of a relationship between the thymus 
and the sexual organs. 

It is a fact, well known to those engaged at abattoirs, that the thymus 
persists for a longer time and in greater volume in castrated animals 
than in those which are entire, but I am not aware of any series 
of accurate observations on this subject, and at the instigation of 
Dr Noé! Paton I undertook the following investigation on the influence 
of castration on the thymus, in the case of cattle killed as beeves in the 
Edinburgh abattoir. 


Cattle are preéminently suitable animals for the purposes of obser-— 


vation in this connection, first, because they are castrated at an early 
age between one and three months, and second, because they are 
slaughtered in large numbers before they reach maturity. Permanent 
dentition is completed at about four and a half years, and as the repro- 
ductive function is in action long before that period in the case of bulls 
and heifers, its effect upon the development of the thymus can be well 
observed. 
To obtain statistics the services of a reliable man whose business it 
is to kill and dress cattle for the market were engaged. He was furnished 
1 The expenses of these observations were defrayed from the grant made by Mr Francis 


Mason for Investigations on the Ductless Glands. 
* This Journal, xxx1. p. 49. 1904. 
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with a spring balance, the accuracy of which was previously tested. The 
two portions of the thymus (one from the lower part of the neck and the 
other from the anterior part of the thorax) were weighed, the small 
amount of fat adhering being estimated and deducted. In order to 
minimise error from this source several glands were entirely stripped of 
fat and the latter was in each case weighed to furnish a basis for such 
deduction. At the fat stock sales the living animal is weighed in 


presence of the buyers and sold by live weight, and these sale weights 


were used for the purposes of this investigation. The age of the animals 
was judged by the number of permanent incisors erupted, the numbers _ 
being recorded with the weights. No record was kept of any animal 
having eight permanent incisors in wear because of the possibility of 
its being more than four years old. Six permanent incisors was the 
limit given so that it is practically certain that no cattle tested were 
more than three and a half years old. In judging the age of cattle by 
the development of the incisor teeth, some latitude must be allowed, as 
tardy or rapid dental development depends largely upon breed, kind of 
food and condition. 

The number of cattle tested was 114, of which 52 were oxen, 32 were 
bulls and 30 were heifers. 

The individual weights are given in the Aceeails: and Table I, 
showing the average results, and Fig. 1, constructed from Table I, 
bring out the marked difference between the thymus in the normal 
and the castrated animal. 


Taste I. 
/ 
Weight in Weight of 100 of 
9—15 months 1 00°92 623-68 132°72 
4, 10 478-90 648-42 138-04 
2—24 years 25 505°07 641-78 127-82 
,, 16 530-49 110-66 
Heifers. 
9—15 months 7 293-71 421°18 107-15 
9 888-67 296-09 74°98 
2—24 years 11 436°27 283°49 66°35 
” 8 448°75 340°19 83°94 
Bulls. 
9—15 months 9 484-84 289-78 65°62 
12—21 ,, 11 626-09 376°27 62-76 
2—24 years 8 564'87 804-75 54-22 
,, 4 796°16 212°61 27°10 
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In actual weight of thymus those averages show in all three classes 
of cattle considerable irregularity at the ages recorded. It is very clear 
however that the weight of thymus in the castrated animals is markedly 


greater than in heifers (which are of course unspayed) and bulls. 


Fig. 1. Showing average weight of 
thymus in grams, 


Age 2—2} yrs 


Age 3—3} yrs. 


) Heifers 


Ak 


gre. 


Bulls 


Fig. 2. Showing weight of thymus in 
grams per 100 kilos. of body-weight. 


The average weight of thymus in grammes per 100 kilogrammes of 
body-weight, as indicated in Fig. 2, is seen to be more uniform than 
the actual weight. In this relation the thymus weight in the oxen is 


slightly more than double that of the bulls, while there is a consider- 
able similarity of outline in the curves which respectively indicate 
their comparative atrophy. In this relation the heifers occupy a 
position between the oxen and the bulls, but still their excess of 
thymus weight over that of the bulls is much less-than is the excess of 
thymus weight of oxen over theirs. Their curve is quite different from 


| 
7 140 grs. 
Oxen 130 gra. 
120 grs. 
Oxen 
q Heifers 
+ 100 grs. 
Heifers 
400 gre. 
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those of the oxen and bulls, but this may possibly be due to the fact that 
there existed a greater disparity in condition among the heifers than 


among the oxen and bulls. 


While collecting the above statistics it was observed that in bulls 
which: had been used for serving cows, and in heifers which had been 
pregnant for several months, the thymus exhibited a much more marked 
atrophy than was the case with those which had not exercised the 
reproductive function. This is shown in Table II and Fig. 3. The 
weights recorded in this table are included among those of Table I, and 
Fig. 3 is constructed from Table II. The figures within brackets 


indicate the number of animals investigated. 


Taste IL. Showing weight of thymus in grammes per 


100 kilogrammes of body-weight. 
Heifers. Bulls. 

Not in calf Breeding Not breeding 
months (7) 107-15 (4) 102-74 . (5) 86-72 
12—21 ,, (7) 99°04 (2) 34-52 (8) 72°52 (8) 36-72 
years (11) 66-85 (6) 54°88 (2) 62-41 
(2) 70°12 (1) 111-61 (2) 88-38 (2) 20-83 

110 gre. 
Prostate not developed . 
70 gre. 
60 gra. 
grs. 
30 gre » Not breeding — 
20 grs. Breeding 
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In judging which bulls had been in service, attention was directed 
to features indicating completer masculinity, eg. increased volume of 
crest and superior muscular development, as well as the specific results 
of service, namely, special muscular development of the hip muscle and 
full development of the prostate gland. 

It will be observed that in Chart III the curve of the not breeding 
bulls indicates a steady progressive atrophy of the thymus, while 
the curve of bulls used for breeding indicates an irregular, but on an 
average greater, atrophy of the gland. 

The thymus weights in grammes per 100 kilos. of body-weight in | 
heifers recorded in Table II furnish rather insufficient data upon which 
to found definite conclusions, because unfortunately there are only three 
in the pregnant class. Still the fact that two heifers under two years 
old showed thymus weights averaging 34°52 is significant of thymus — 
atrophy greatly exceeding that of the non-pregnant heifers of similar 
age which averaged 89°04. 


Effect of castration upon the thymus gland in guinea-pigs 
| and rabbits. . 
Dr Noél Paton informs me of the following experiments made 
by himself upon guinea-pigs. 


Exp. 1. Two guinea-pigs were born in the Laboratory. One, A, was castrated three 
days after birth. 


A B 
At birth their weights were ...  94grs. 80 grs. 
Afteramonthandahalf ..... 275 
Thymuses of A and B removed 
Weights of thymuses... “811 2 
Weights of thymuses per 100 Rody: wt... 12 07 
Weights of thymuses per kilogrammes body-weight 1/19 72 


When the thymus weight in grammes per kilogramme.of body-weight 
is calculated in order to bring the experiment into correspondence with 
the observations on cattle it is fuund that the normal thymus weight is 
‘72 grammes, while that of the castrated guinea-pig is 119. This 


demonstrates rather the excessive growth of thymus on the part of the 


castrated animal than atrophy i in the normal one, because in Paton and 


_ Goodall’s paper, p. 53, in the normal guinea-pig the thymus increases in 


size up to two months or until the animal attains a weight of over 
300 grs., at which period it becomes capable of reproduction, and it is 
only after this period that atrophy of the thymus begins. In this ex- 
periment the i ic was excised when the animal was 45 days old. 
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95 grs. and aged 48 hours. 


Three months after it was chloroformed and weighed ... + 490 gra, 
Weight of thymus ... “985 
Weight of thymus in grammes per kilogramme of body.weight 201 


No control was kept in this experiment, but in' their paper (loc. cit.), 
p. 53, the weights of thymus in grammes per 100 grammes of body- 
weight are recorded in four guinea-pigs weighing over 400 grammes, the 
average of which is 03. By using this as a control and converting it 
into grammes per kilogramme of body-weight we find that while the 
thymus weight in the normal guinea-pig is ‘3 grs. per kilo., that of the 
castrated guinea-pig is 201. The difference indicates both the excess 
of thymus growth i in sais castrated, and the salah of the same in the 
normal guinea-pig. 

So far as these experiments go they indicate that castration causes 
persistent growth and arrest of atrophy in the thymus glands of guinea- 
pigs. But, as it was evident that results might be more rapidly procured 
from a study of cattle, the investigation was not continued. 

The only paper on the subject which I have been able to find is by 
_ Dr A. Calzolari'. His observations were made upon male rabbits. He 
castrated six of them at ages varying from one to three months, and killed 
them at different periods up to nine months and compared each with 
a control of a similar age. He concludes that castration delays the 
atrophy of the thymus gland. 


SUMMARY. 


1. Castration in cattle causes a persistent growth and a retarded 
atrophy of the thymus gland. 

2. Castration has a similar effect in guinea-pigs and rabbits. 

3. In bulls and unspayed heifers the uormal atrophy of the thymus 
which begins after the period of puberty is greatly accelerated when 
the bulls have been used for breeding vate when the heifers have been 
pregnant for several months. 


1 Archives Italiennes de Biologie, xxx. 1898, p. 71. 
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APPENDIX. 


Weight of cattle in kilos, and of thymus in grammes’. 
I. Age: 9—15 months, (Permanent central incisors absent or erupting.) 


A. Ox. B. Heifers. Bulls. 
469 628 355 680 855 566 

855 283 386 

368 283 406 170? 

381 340 428 226? 

406 340 431 510 

431 453 457 458 

457 566 564 170 

660 170? 

678 226? 
II. Age: 12—21 months, (Eruption of permanent central incisors complete.) 

A. Ox. B. Heifers. C. Bulls. 

381 737 804 118% 406 

406 787 355 113° 571 94 

419 680 861 283 584 118? 

431] 566 868 396 609 510 

469 896 368 840 651 896 

. 608 906 406 396 660 453 

508 481 406 283 660 226 

520 680 457 896 660 283 

584 469 840 678 4538 

558 822 685 566 

723 226? 
III, Age: 2—24 years. (Permanent central and first lateral incisors erupted.) 

A. Ox. B. Heifers. C. Bulls. 
385 708 508 680 341 283 419 226 
429 595 508 793 355 226 431 283? 
457 623 508 708 _ 881 226 495 226 
457 283 508 510 396 502 226 
457 567 508 396 406 283 635 340 
457 906 520 680 406 340 646 510 
457 1020 558 968 444 226 660 340 
469 283 558 680 457 340 723 283? 
482- 283 571 425 
495 453 609 652 533 840 
495 793 609 1048 558 840 

495 680 609 680 
508 623 


1 The weights were taken to 0-01 kilo. and these figures were used in the construction 
of the tables in the text. 
Breeding. With calf. 
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IV. Age: 8—8} years. (Permanent central, first and second lateral incisors erupted.) 


A. B. Heifers. C. Bulls. 

403 481 508 566 330 340 680 226 

426 368 508 907 406 453} 787 226? 

444 510 —ss«&BBD 935 609 226 840 283 

457 283 609 963 | 876 113? 

471 595 647 425 

480 510 647 5388 

487 566 660 708 . 

502 481 673 481 

1 With calf. ? Breeding. 
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ON THE COMPOSITION OF PANCREATIC JUICE’. 
By LUCIAN A. E. DE ZILWA, BSc, MB. (Lond). 


_ (From the Physiological Laboratory, University College, London.) 


INASMUCH as there were no analyses of pancreatic juice more recent 
than those published by Carl Schmidt* and Hoppe-Seyler’, and 
at the present day, with the aid of secretin, a large quantity of material 
could be obtained without difficulty, the propriety of making some fresh 
observations was suggested: to me by Prof. Starling. And I must 
express my thanks to him for his advice during the execution of the task. 

- Methods. In every instance the dog was well fed on meat on the 
eve of the experiment. In the morning he was given 4 gr. morphia, and 
anesthetised with A.c.E. mixture. Cannule were then tied into the 
main pancreatic duct and into the jugular vein. Analyses were made 
of “juice obtained by injecting (1) secretin, and (2) pilocarpin, into 
the vein. 

Secretin juice. Large quantities were obtained by injecting 5 c.c. of 
secretin at intervals of 10 or 15 minutes. On more than one occasion, 
when the dog was killed at the end of the day after yielding about 
120 c.c. of juice, the process of secretion was still active. In those 
animals which possessed two or more ducts of almost equal calibre, when 
only one of these was tapped, the free influx of juice into the duodenum 
through the others caused an intense enteritis, with death from collapse 
in afew hours. This was prevented by ligaturing, or in suitable cases 
tying a cannula into, the other duct or ducts. 

Pilocarpin juice. This was collected by injecting O3c.c. of 1 p.c. 


_ pilocarpin nitrate into the jugular vein at intervals of about an hour. 


Larger or more frequent doses diminished the flow and even caused 
death. 30 c.c. was the largest quantity obtained from one dog. 


1 Towards the expenses of this research a grant was made by the British Medical 
Association, on the recommendation of the Scientific Grants Committee of the Association. 

* Quoted by Maly, Hermann’s Handb. v. 189. , 

> Physiol. Chemie, p. 95. 
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PANCREATIC JUICE ANALYSES. 


Heads of Analysis. 


Specific gravity. This was ascertained in one instance with a urino- 
meter. 

Cryoscopy. Several observations were made of the freezing-points 
of juice and of serum from the same dog. The ordinary apparatus with 
a Beckmann’s thermometer was employed. 

There was no appreciable difference of freezing-point. Thus in one 
experiment the following were the depressions below the zero of distilled 

Alkalinity. 5—10 c.c. of secretin juice, or 2.c.c. of pilocarpin juice was 
boiled in a large flask with excess of decinormal H,SO,. The alkalinity 
was then determined by titration with decinormal NaOH. Phenol- 
 phthalein was used as the indicator. | 

Total solid’. 2—5 cc. of juice was put in a porcelain or platinum 
crucible and heated to 90°, with the occasional addition of a few drops 
of. absolute alcohol to prevent the formation of a glassy substance 
difficult of dehydration. The temperature was then raised to 105°, and 
the heating continued till the crucible was of constant weight. 

Total proteids. These were precipitated with excess of 10 p.c. tri- 

chloracetic acid. The precipitate was washed on the filter with ether 
and alcohol, and then dried. 
_ Heat coagulation. In a beaker of water was suspended a large test- 
tube surrounded by a stirrer; and within this was a small tube con- 
taining the juice and a thermometer. There was also a thermometer 
in the outer jacket of water. The juice was acidulated with acetic acid 
and heated gently, more acid being added from time. to time as the CO, 
was evolved. When the thermometer in the juice indicated 55° the 
coagulum was filtered off. The filtrate was next heated to 75°, and the 
coagulum again filtered. On further heating of the filtrate an opacity 
was produced which it would have been impossible to weigh. 

Total nitrogen. This was estimated by the Kjeldahl process. 

Ash. The crucible containing total solids was placed on an Argand 
burner, with the flame turned down till it was blue, and kept there for 
a few days. The total ash was then weighed, and the chlorides estimated 
by Volhardt’s method. 

Nucleo-proteids were not estimated quantitatively, but on acidulating 
with HCl and digesting with a glycerin extract of pig’s stomach, a better 


4 is 
a 
af 
3 
> 
a 
g 
4 


t 
i 
+. 
14 


932 EB. DE ZILWA. 


marked precipitate of a was obtained with pilocarpin than with 
secretin juice. 
The following are some of the results : 


A D 


Alkalinity: aa) 
N 
127 | 124 | 9 | 55* | 1385 14 
equal to 10 c.c. juice 
i.e. in terms of Nain 
{| -2921 2852 | ‘2587 | 1166 


Total solids in 100 c.c. | 1°6 | 638 
1-56 2°25 | 15 | 6.49 162.104 


Coagulum under = ‘38 

Total proteids 0°5 48 | your 19 
1-00 

Ash 100 | 100 13 1100 98 

Total nitrogen ‘135 


A. Seocretin juice from 3 dogs. Sp. gr. 1014. Feb. 11, 1903. 
B. Secretin juice. Specimen collected at beginning (a), and at end (b). Mar. 11, 1903. 
 €. Pilocarpin juice. May 8, 1903. 
D. Secretin juice collected in successive 10 c.c. (1) first 10 ¢.c.; (12) twelfth 10c.c. 
June 6, 1908. 


After G0 had been collected 60 c.c. of 8 p.c. Na,C0, was injected. 


After 70 c.c. ” 50 ¢.c. 9? 
After 110 c.c. ” 9 30 c.c. ” ” ” 
* The alkalinity of pilocarpin juice was not always so low. In one case it was 
equivalent to NaOH. 
SUMMARY. 


1. The alkalinity of secretin juice is as a rule greater than that of 
pilocarpin juice. 

2. The alkalinity tends to diminish as the secretion progresses. 

3. It can be maintained or increased by injecting Na,CO, into the 
blood. 


4. Pilocarpin juice contains about 4 times as much of solids as 


‘secretin juice. 


5. The solids diminish as the secretion continues. 
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6. The variations in the solids are almost entirely due to variations 
in the quantity of proteids. 


7. The mineral matter is fairly constant, about } of it consisting of 
chlorides, 

8. Of the proteids pearly 41 is coagulated by a temperature _ 
55°C. Most of the remainder came down under 75°C. 

9. There is no appreciable difference between the aithieudati of 
serum and of juice. 

10. There is a larger quantity of nucleo-proteid in pilocarpin than in 
secretin juice, probably from a toxic effect on the cell-substance. 


16 
PH. XXXI. 


ed 
J 
As 
Bia? 
+, 
~ 
= 
49) 
1% 
4 
Sa 
an? 
De 
; 
q 
AS 


A PSEUDAFFECTIVE REFLEX AND ITS SPINAL PATH. 
By R. WOODWORTH, Ph.D., C. 8. 
TON. (Twelve Figures in Text.) 


(Physiological Laboratory, University of Liverpool.) 

IF in the cat under deep chloroform narcosis the cerebral hemispheres 
and thalamencephalon be carefully ablated, and the body temperature 
maintained, on relaxing the depth of chloroformisation a number of 
motor reactions can be observed against the background of ‘decerebrate 
rigidity.’ Among these reactions are some mimetic movements simu- 
lating expression of certain affective states. These ‘pseud-affective’ 
reflexes we have endeavoured to utilise for elucidation of the spinal 
path conducting those impulses that, were the brain intact, would, 
we may presume, evoke ‘pain.’ The search for such a path is as regards 
channels from skin a search for a path as specific as those of the special 
senses, The truncation of the brain at the mesencephalon annihilates 
the neural mechanism to which the affective psychosis is adjunct. But it 
__ leaves fairly intact the reflex motor machinery whose concurrent action is 
habitually taken as outward expression of an inward feeling. When the 
expression occurs it may be assumed that had the brain been present 
the feeling would have occurred. A spinal translesion which prevents 
occurrence of the expression in response to a stimulus that previously 
excited the expression has therefore been regarded by us in the following 
experiments to be such as would, were the brain present, induce anal- 
gesia in regard to that stimulus. 

Apart from that assumption it is clear that such a lesion can be used 
for determining the path of a nociceptive’ reaction. That a reflex action 
should exhibit purpose is no longer considered evidence that any 
psychical process attaches to it, let alone any dictate of ‘choice’ or 
‘will.’ By the Darwinian hypothesis, of no less value in physiology — 
than in morphology, every reflex must be purposive. But the assign- 
ment of a particular purpose to a particular reflex is often difficult and 


Sherrington. This Journal, xxx. p. 40. 1903. 
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hazardous. The difficulty is in inverse degree to the amplitude of field 
covered by the reflex effect. Thus, a slight movement confined toa single 
limb, or a transient rise of blood-pressure observed alone, is open to many 
interpretations and admits of no security of significance: it is a fractional 
reaction that may belong to any of many general reactions of varied 
aim. The reflex effects studied in this paper have possessed sufficient 
width of coordination to be hardly equivocal. The spinal path con- 
cerned with the forward transmission of their impulses can therefore be 
designated not merely a headward path but, having regard to the 
character of the reaction, the headward path for nociceptive reactions. _ 

The reflex effect observed has presented the following elements: 
diagonal alternating movements of the limbs as in progression (some- 
times producing progression), turning of head and neck toward the 
point stimulated; opening of the mouth, retraction of the lips and 
tongue, movement of the vibrisse, snapping of the jaws; lowering of the 
head; opening of the eyelids, dilatation of the pupils; vocalisation 
angry in tone (snarling), sometime® plaintive ; and with these a transient 
increase of arterial blood-pressure. These reactions appeared not only 
in combination but sometimes singly or in small combinations. The 
readiest to elicit were movements of the vibrisss#, opening of the mouth 
with retraction of the tongue, and lowering of the head. In some cases 
the movements were vigorous and prompt but they never amounted 
to an effective action of attack or escape. A characteristic feature 
of their ineffectiveness was their brief duration. The movement even 
when most vigorous and prompt died away rapidly, to be succeeded 
_ in some cases by a few weaker repetitions, each in succession weaker 
and more transient than the last. Thus the movements of the head 
might recur three or four times in response to a single stimulus, or the 
voealisations be repeated in a diminishing series for a minute or so. 

Our method has been to compare by means of the above reaction 
the effect of two stimuli symmetrically applied on opposite sides of the 
body, after a semi-section or other lesion of the spinal cord headward of 
the entrance of the nerve fibres stimulated. 

After semi-section at the 13th thoracic level the pseudaffective 
reaction was obtained by stimulation of either sciatic trunk but more 
vigorously and promptly from the nerve of the side of the semi-section : 
from this nerve also the reaction was evoked by weaker faradisation. — 
This indicates that the headward pathway taken by the impulses 
eliciting the vocal and other pseudaffective reactions is from the hind- 
limb both crossed and uncrossed, but is more largely crossed. Our other 
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experiments have all given the same result: sometimes not much 
difference was observable between the reactions obtainable from the two 
sciatics respectively, but usually there was a distinct difference, and this 
was always in the sense that the nerve of the same side as the'semi- 
section evoked the stronger reaction. Both purely cutaneous (internal 
saphenous) and purely muscular (hamstring) nerves were examined and 
the pathway found not appreciably different in the two. 

After semi-section in the anterior cervical region (3rd to 4th cerv.) 
stimulation of the brachial nerves on the same side as the spinal semi-— 
section gave the pseudaffective reaction decidedly more strongly than 
did the nerves of the opposite side. Ulnar, median, a muscular branch 
of median, and the internal cutaneous nerves all gave this same result. 
The difference was more marked than between the two sides of the 
body in the hind-limb region, The lesion lay less far forward from the 
_ brachial region than did the lesion at 13th thoracic from the crural 
region. Sometimes it was difficult to obtain the reaction at all from 
the brachial nerves of the side oppésite to the cervical semi-section. 
The headward nociceptive (or algesic) path from the arm is therefore in 
the anterior cervical region mainly crossed. 

When examined by a high cervical semi-section the nociceptive 
(algesic) path from the hind limbs is still, as at the 13th thoracic level, 
partly crossed, partly uncrossed, and rather more crossed than uncrossed. 

The pseudaffective reaction is easily obtained from the splanchnic 
nerve. Mechanical or electrical excitation of the nerve branches 
connecting the semi-lunar ganglion with the sympathetic chain elicits 
the reaction promptly. Semi-section in the anterior cervical region 
interferes with the reaction from these sympathetic nerves on the same 
side as the semi-section hardly obviously, but lessens the reaction from — 
the nerves of the crossed side rather more. The headward path of the 
impulses evoking the pseudaffective reaction under excitation of these 
visceral nerves is therefore in the anterior cervical region both crossed 
and uncrossed, but more crossed than uncrossed. 

From all these unilateral regions the afferent nociceptive (algesic) 
path in the spinal cord is therefore bilateral, that is divided between 
the two sides of the cord, the larger share belonging to the crossed 
side. The crossing appears in the anterior cervical region to be more 
preponderant for the brachial limb than for nerves of the other regions 
examined. 

As regards the question which of the columns of the cord carry the 
headward path of the impulses evoking the vocal and other pseudaffective 
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reactions, we are able to exclude the dorsal columns. Section of both 
of these made no appreciable difference in the reaction to the stimulus; 
neither did faradisation of them evoke the reaction. The median 
portion of the ventral column has sometimes been trespassed on in 
making the semi-section of the opposite side: this extension of the 
lesion has not prevented the reaction from occurring. In one case the 
whole grey matter of both halves of the ‘cord was found on autopsy to 
be heavily infiltrated and ploughed up with extravasated blood at the 
level of the semi-section and for several millimetres both ahead and 
behind it. It must have been largely if not completely thrown out of 
function. Yet the preudaffective reaction was very briskly obtained. 

If therefore neither the dorsal nor ventral column nor the grey 
matter affords the pathway for the nociceptive (algesic) impulses, the 
lateral column alone is left to them. This conclusion is confirmed by 
direct experiment. After transection of one lateral column alone the 
pseudaffective reaction is elicited from either lateral half of the body 
behind the lesion: after further section of the opposite lateral column, 
all pseudaffective reaction at once ceases to be elicitable from either 
half of the body behind the lesion. It is probable that in the posterior 
thoracic and lumbar segments this headward path is that already 
signalised by A. Fréhlich and one of us’, as inhibiting, under direct 
faradisation, the rigidity of the triceps brachi in the decerebrate cat. 

We conclude (1) that the lateral column furnishes the headward 
path in the spinal cord for nociceptwe (algesic) arcs; (2) that each 
lateral column conveys such impulses from both lateral halves of the 
body, and somewhat preponderantly those from the crossed half; and 
(3) that this is true for these arcs whether they be traced from skin, 
muscle or viscus. | 

It is noteworthy that the ‘chloroform’ or ‘ether cry, that peculiar 
vocalisation emitted by men and animals during certain stages of 
anesthetisation, was often uttered by decerebrate cats during con- 
tinued administration of the anzsthetic to them after decerebration. 
This vocalisation therefore does not necessarily mean that the higher 
cerebral centres are still imperfectly anzsthetised, since in our animals 
the whole cerebrum and the thalamencephalon had been ablated and 
yet the administration of the vapour evoked the vocalisation typically. 

Regarding decerebrate rigidity it was seen that after semi-section of 
the cord in the anterior cervical region the rigidity resulting from 


1 This Journal, xxvu. p. 14. 1902. 
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decerebration was much less in the elbow and knee of the semi-sected 
side. In some instances this freedom from rigidity persisted; in some 
it passed off, so that a few hours after the operation both elbows and 
both knees were about equally rigid. The pathway from the mid- 
brain to the limb by which the rigidity is kept up descends therefore 
probably in both lateral halves of the cord, though mostly on the same 
side as the muscles affected. 

As regards the bilaterality of the headward path of the pseud- 
affective reflex, on several occasions it was observed that the turning of 
the head and neck was after semi-section still correctly toward the locus 
of stimulus, whether the stimulus was crossed or uncrossed in regard to 
the semi-section. Evidently therefore ‘local sign’ was implicate in the 
impulses of each lateral half of the bilateral headward path. 


SUMMARY OF EXPERIMENTS. 


The extent of all lesions of the cord was determined carefully by sections after 
hardening the cord in formol or in Miiller’s fluid. 

(‘Same side’ means the same side as the spinal translesions; ‘opposite’ conversely.) 

Exr.I. RB. semi-section at 13th thoracic level. 

Faradisation. 2nd coil, 12 cent.: vocalisation evoked by either sciatic, but more from 
side of lesion. 18 cent.: faint vocalisation from sciatic of same side, none from opposite. 
13cent.: faint vocalisation, quicker from opposite side, which was in this case the second to be 
stimulated (?Bahnung). 11-5 cent. : quick vocalisation from same side, none from opposite. 
Again: delayed vocalisation from opposite side; prompt from same side. Again, after 
five minutes’ pause; no vocalisations evocable from opposite side, prompt from same side. 
Same result in several similar repetitions. Not only the vocalisation but the turning 
of the head was greater when the side of the lesion was stimulated. Severance of the 
opposite dorsal column made no obvious difference to the responses. Severance of the 
opposite ventro-lateral column a segment further back stopped all responses. Besides 
vocalisation and turning of the head were noted dilatation of the pupils, movement of the 
eyeballs, opening of the mouth, retraction of the tongue, and depression of the head—the 
head and neck are tonically retracted in decerebrate rigidity. 

Inference: impulses ascending from the sciatic and eliciting pseudaffective vocalisa- 
tion, and the other above reactions have an afferent pathway up both sides of the cord 
in the ventro-lateral columns, chiefly of the side opposite to the sciatic stimulated. 

Expr. II. L, lateral column transeoted (Fig. 1a) at 13th thoracic level. 

Stimulation of a purely muscular (hamstring nerve) and a purely cutaneous (internal 
saphenous) nerve of the leg, and of the sciatic. Vocalisation elicited from each of the six 
nerves, but more from those of opposite side, especially in the case of the muscular nerve. 
Several times on pushing the chloroformisation its administration evoked the characteristic 
vocalisation. Then R. lateral column cut (Fig. 18) a little further forward. All reply 
from the six nerves ceased. As a control the ulnar nerve was stimulated and elicited 
vocalisation. No clear response was obtained by exciting the cross-section of the dorsal 
columns. 


Inference: the pathway ascends in the lateral columns. This experiment does not 
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agree fully with the preceding because the response was stronger from the opposite side: 
but both experiments agree in showing that the pathway is partly crossed and partly 
uncrossed. The vocalisation was evoked from muscular as well as from cutaneous 
afferents: the larger the nerve excited the stronger the reaction. 


L R 


€ 


Fig. 1. Fig. 2. ae Fig. 3. 


Exp. III. Lesion, Fig. 2, between the 5th and 6th cervical. Vocalisation from ulnar 
of same side, not of opposite; also from skin of fore-paw of same side, not of opposite ; 
also from each sciatic, but more strongly from same side. 

Inference: path from arm is crossed more than that from leg, in cervical region. The 
pathway is not up either dorsal column, for both were severed. 


Exp. IV. Lesion, Fig. 3, between 4th and 5th cervical. Slight vocalisation on 
ligating each sciatic, a little stronger from same side. After an interval each sciatic 
ligated again; vocalisation and opening of mouth strong from either side, but stronger 
slightly from same side. Ligation of each ulnar gave same results as from sciatics, but 
much the more strongly from the same side. Faradisation had same results. _ 

Inference: pathway from fore-limb and hind-limb is bilateral at 4th—5th cervical level, 
but, especially for the fore-limb, lies at that level more on the crossed than the uncrossed 
side. 


Exp. V. First lesion, Fig. 4, between 4th and 5th cervical. Vocalisation elicited by 
each ulnar but distinctly more easily from same side than from opposite. Also from 
each sciatic and more easily from same side. Rigidity about equal at both elbows. 
Second lesion, Fig. 5, between 3rd and 4th cervical. Then after interval slight vocalisation 
from crossed ulnar, strong from same side ulnar. Ligation of hamstring nerves evoked 
prompt vocalisation more prolonged in response to same side nerve. Ligation of each 
sciatic caused strong vocalisation and turning backward of the head. Third lesion; cord 
split in middle line for about 8 mm. below the lower semi-section: it was found by 
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anatomical examination in the hardened cord subsequently that the depth of the slit 
deviated ventrally to the right. The reactions remained in ulnars as before. 

Inference: pathway from arm distinctly more crossed than uncrossed in brachial — 
region ; the crossing takes place close to the level of entry into the cord: the path is not 
in the dorsal columns: the pathway from the leg though more crossed than uncrossed 
is at this level less crossed than that from the fore-limb. | 


Exp. VI. Lesion, Fig. 6, at 3rd cerv. level. Rigidity more on opposite side but some 
on same side. Facial niovements and vocalisation from same side ulnar; weak facial 
movement and no vocalisation from opposite ulnar. 

Inference : withway from ulnar is at Sed cervical level mainly erbesed. 
Pathway concerned: with decerebrate rigidity is mainly on the side of the muscles 
affected but not wholly so. 


Exe. VII. Lesion, Fig. 7, at 4th cerv. level. Rigidity stronger on opposite side. 
Vocalisation was frequently elicited by pushing the CHCl, vapour, but not from either 
the sciatics or various brachial nerves examined. The movements of the jaw, tongue and 
vibrisss elicited from same side ulnar were the stronger: applying hot water to pad of 
same side brachial limb elicited vocalisation, but not to pad opposite. 

Inference: pathway ascending from ulnar and cutaneous nerves of fore-limb is at 
4th cervical level mainly a crossed one: rigidity pathway on same side as muscles in 
rigidity. 


Exe. VIII. Lesion, Fig. 8, at 4th—5th cervical level. Rigidity stronger in opposite 
limbs, After an interval vocalisation from oppos. sciatic and from median at elbow of 
same side; weaker reaction from other median. Later, vocalisation and facial reaction 
from same side sciatic and from same side brachial musculocutaneous ; from opposite 
sciatic weak facial reaction and no vocalisation. Central ends of a purely muscular 
nerve than from opposite. 

Inference: pathway ascending from muscular and cutaneous nerves of arm more 
crossed than uncrossed : rigidity pathway chiefly on same side as the muscles affected. 


Exp, IX. R. semi-section found by examination in hardened cord to be accurately 
bounded at mid line: at 4th cervical level. Rigidity greater in opp. knee and slightly in 
opposite elbow. Injection of water into bile-duct distending it evoked facial reaction — 
and lowering of head, but no vocalisation. Faradisation of each splanchnic evoked 
similar reaction strongly, but no vocalisation. 
reaction but the foot of same side the stronger. 

Inference : both halves of bord at cervical 
level : rigidity pathway chiefly on same side as muscles affected but partly on opposite. 
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Exp, X. Lesion, Fig. 9, at 4th cerv. level. Rigidity stronger in opposite limbs. 
Each splanchnic exposed close below diaphragm and excited by ligation: from each 
vocalisation was elicited but more strongly from the same side as spinal lesion. 

Inference: pathway ascending from splanchnic is bilateral and more crossed than 
uncrossed at 4th cervical level. Medioventral white columns at this level little concerned 
with the ascending path or with the rigidity. _ 

Expr. XI. Lesion, found to be an accurate right semi-section on examination in: 
hardened cord at 4th cerv. level. Rigidity stronger in opposite limbs. Sharp reaction 
but no vocalisation on compressing branches of each great splanchnic; reactions more 


strongly from the branches of the same side nerve. No reaction on injecting ureter. 
Inference: as before. 


' Exp. XIL Lesion, found to be an accurate right semi-section on examination in 
hardened cord at 4th—5th cerv. level. Rigidity at first confined to opposite side, later 
developed in knee and elbow of same side. Vocalisation elicited from each great 
splanchnic, more promptly from same side as spinal lesion. , 

Inference: as before, and ventral columns at this level little concerned either with 
these ascending impulses or with the rigidity. 


Exp. XIII. Lesion, Fig. 10, between 4th and 5th cervical. Rigidity more marked in 
opposite side, Vocalisation elicited by same-sided sciatic and splanchnic, not by opposite. 
Later, vocalisation from both sciatics, and from same-sided splanchnic and ulnar. 

Inference as before: and medioventral columns at this level little occupied by either 
the ascending nociceptive or the rigidity path. 

Exp. XIV. ion, Fig. 11, at 5th cerv. level. Vocalisation from same side sciatic ; 
strong reaction without vocalisation from opposite sciatic and from each great splanchnic. 
No response on injecting opposite ureter upwards by cannula inserted near bladder, but 
the vibrisse moved on drawing upon that ureter. 

Inference as before: and medioventral columns at this level have little or no connection 
with the path of these headward impulses. 


Expr. XV. Lesion, Fig. 12, between 3rd and 4th lumbar roots. Ligating 5th lumbar 
root on same side evoked no visible reaction ; ligating opposite 5th root evoked turning of 
the head toward the side stimulated ; ligating 6th root of same side evoked turning of the 
head smartly to the side of the stimulation ; ligating 6th root of opposite side evoked 
smart turning of the head toward side of stimulation, with opening and closing of mouth 
~ and yocalisation; ligating 7th root of same side evoked smart turning of head towards 
side of stimulation; ligating 7th root of opposite side evoked smart turning of head 
towards side of stimulation, opening and closing of mouth and vocalisation. In these 
reactions the fore-limbs moved as well as the head; the movement was retraction at 
shoulder and extension at elbow on the side from which the head turned, and protraction 
at shoulder with flexion at elbow on the side to which the head turned. Ligating the 
3rd lumbar root on the same side, i.e. just above lesion, gave hardly any reaction; ligating - 
the opposite 8rd lumbar root gave practically same reaction as that evoked by 5th, 6th, 
and 7th lumbar. | 

Inference: crossing of the ascendant path occurs in this limb region within two 
segments forward from its entry into the cord, A practically complete translesion of the 
grey matter when of very limited longitudinal extent does not obviously alter the 
conditions for the path arriving two segments below. Each lateral division, é.c. the 
crossed and the uncrossed of the headward path, retains its reflex local sign, ¢.g. the head 
is turned to the appropriate side when actuated by either path. ; 
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Exp. XVI. R. semi-section, ascertained in the hardened cord to be accurately to middle 
line, rathér higher than half-way down the region of spinal attachment of the rootlets 
of the 2nd lumbar nerve. Carotid blood-pressure recorded. Mechanical stimulation of 
the central end of 3rd R. lumbar root caused marked rise of blood-pressure, i.e. from 
mean pressure of 94 mm. kg. to pressure of 128 mm. kg. Same result from mechanical 
stimulation of the central end of the R. 4th lumbar root. No reflex obtainable at all from 
the R. 2nd lumbar root, The motor reactions described in the previous experiments 
accompanied the effect on blood-pressure. 

Inference: the pseudaffective path crosses in part very soon after entrance into the 
lumbar cord: it reacts on the vasomotor mechanism as well as on the head, respiratory 
and vocalising musculature, etc. ren 


Exp. XVII. L. semi-section, ascertained after hardening the cord to trespass, though 
very slightly, across mid line, between 1st and 2nd lumbar levels. The dorsal roots of 
the 4th and 5th right lumbar nerves had been severed proximal to ganglion 9 weeks 
previously, and their ganglia removed. Mechanical and faradic stimulation of the central 
ends of the 8rd and 6th right and of the 6th left lumbar roots evoked rise of carotid blood- 
pressure and vocalisation: the reflex obtained from the left 6th was not greater than from 
the right. Mechanical stimulation and faradisation failed to evoke any reflex from the 
dorsal roots of the 4th and 5th right lumbar nerves, which had been cut 64 days previously, 
but on microscopic examination of these roots they were found to contain large numbers 
of ‘regenerated’ nerve fibres showing nodes of Ranvier, etc., and measuring in some 
instances 6u in diameter after fixation with osmic acid. 

Inference: as in Experiment XVI.; and that the uncrossed division of the ascendant 
path concerned with pseudaffective reaction also reacts on vasomotor mechanisms, as 


does the crossed. The regenerate fibres of the dorsal root as tested by the blood- 


pressure and other pseudaffective reactions were not excitable directly. 
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Fig. 10. Fig. 11. Fig. 12. 


Expr. XVIII. 1. semi-section, ascertained after hardening cord to involve whole of left 
ateral half and nearly all the opposite dorsal column, close behind 2nd lumbar nerves. 
Mechanical stimulation of 3rd lumbar dorsal roots, both right and left, evoked reflex rise 
followed by fall of carotid blood-pressure, Similar stimulation of right and left 4th and 
_ 6th lumbar dorsal roots gave similarly rise followed by fall, but the rise was much 
greater, and about equal right and left—average 42 mm. Hg. Curare was then 
administered, and same effects obtained, except that there was no secondary fall. 

Inference ; as in previous experiment with regard to ascending path. 

Expr. XIX. L. semi-section at 7th cervical level is found by examination in hardened 
cord to be correct at mid-line. Injection of water into bile-duct rapidly distending it 
evoked facial reaction and slight lowering of head. Carotid pressure recorded: each 
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injection of bile-duct, i.e. sudden introduction of 3—6.¢,c., caused, after a short latent 
period, a rise of 20—-36 mm. Hg. in carotid blood-pressure: this was repeated many times, 
the injected fluid being allowed to return again: the effect persisted after section of the 
afferent roots of the 7th to the 13th thoracic spinal roots and of the ist sod nd lumber— 
all of the right side—and of both vagus nerves in the neck. 

Inference: crossed ascendant paths from nerves of biliary passages. 


Exr. XX. LL. semi-section at the 2nd thoracic level: ascertained to be correct at mid- 
line by examination in the hardened cord. Same experimental procedure as in Exp. XIX., 
but the afferent root of the 6th thoracic also included. Same results, the increases of 
carotid pressure varying from 14mm.Hg. to 32mm, The rise of carotid pressure each 
time showed a curve with a double maximum. The experiment was finished after injection 
of curare, and the rises of carotid pressure then became greater than in the earlier 
observations. 


- reaction by ligation of the cystic duct. 


Inference: as in Exp. XIX. 
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ON THE QUESTION OF COMMISSURAL FIBRES 
BETWEEN NERVE-CELLS HAVING THE SAME 
FUNCTION AND SITUATED IN THE SAME SYM- 
PATHETIC GANGLION, AND ON THE FUNCTION 
OF POST-GANGLIONIC NERVE PLEXUSES. By 
J. N. LANGLEY, Professor of Physiology in the Unwersity of 
Cambridge. (Two Figures in the Text.) 

(From the Physiological Laboratory, Cambridge.) 

THE experiments I have already published show I think that com- 

missural fibres do not exist! between (1) the nerve-cells of different 

ganglia, (2) all the nerve-cells of any one ganglion, (3) the nerve-cells 
in one ganglion which have the same function but which run to areas 
separated from one another. 

There is a final question, viz. whether commissural fibres exist 
between the nerve-cells in one ganglion which have the same function 
and which innervate different parts of (what may be regarded as) the 
same area. On this point the direct experimental evidence I have given 
is slight, and the conclusion I came to was based largely on the absence 
of commissural fibres in the other cases. 

Recently Hofmann’ in the course of an interesting account of the 
neurogenic and myogenic theories of the beat of the heart has taken up this 
question. He recalls the known facts that stimulation of either the first 
or the second thoracic nerve causes general dilatation of the pupil, 
whilst stimulation of each of the ciliary nerves causes local dilatation’. 

1 Op. Text-Book of Physiology, edited by Schifer, u. p. 682. 1900; and Ergebnisse der 
Physiologie, 1. Jahrg., 2te Abth., 8. 854. 1908. 

2 Hofmann. Schmidt's Jahrb. d. ges. Medicin, 281, p. 118. 1904. 

* Budge and Waller obtained unsymmetrical dilatation of the pupil by stimulating 
the edge of the cornea. Hensen and Vélkers obtained local contraction by stimulating 
a single short ciliary nerve. Jegorow found local dilatation from a single long ciliary 
nerve. Anderson and myself confirmed Jegorow’s observation but sometimes obtained 
a general effect, possibly owing to escape of current. We found that dilatation of the 
pupil and contraction of the sphincter were more localized by stimulating the edge of the 
sclerotic than by stimulating the separate ciliary nerves, since usually in such case a 
branch and not the whole of a single long and short ciliary nerve was affected. Braun- 


stein also confirmed Jegorow’s result. No experiments appear to have been made on the 
degree of overlapping (if any) of the areas supplied by the several ciliary nerves. 
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In other words, the pre-ganglionic fibres of each of these thoracic | 
nerves supply the’ whole of the iris, whilst the post-ganglionic fibres 
contained in each of the long ciliary nerves supply a part only. He 
argues from this that the nerve-cells which give off the post-ganglionic 
fibres must be united by commissural fibres to form a coordinating 
centre. And apparently he considers that a minimal impulse passing 
to this centre by however few pre-ganglionic fibres would lead to a 
discharge from the whole centre and to general dilatation of the 
pupil. | 

_ The class of facts to which Hofmann calls attention undoubtedly 
- requires more explanation than has been given it. For in the first 
place the spreading out of impulses passing along the pupillo-dilator 
pre-ganglionic fibres is in fact considerably greater than in the cases 
mentioned by Hofmann. Both the Ist and the 2nd thoracic nerves 
caused maximal dilatation of the pupil, and there is little difficulty 
in believing that each contains sufficient fibres to supply nerve-cells 
governing all parts of the iris. But the 3rd thoracic nerve has often 
but a slight action on the pupil, nevertheless its action is general, and 
not local. Further, when the cervical sympathetic has been cut and has 
regenerated, each of the thoracic nerves which acquires or reacquires 
an action on the iris affects it, as a rule, all round. In the second place, 
it is well known that a considerable number of spinal nerves cause 
contraction of the spleen, contraction of the arteries of the kidney, 
contraction of the arteries of the small intestine, inhibition or contrac- 
tion of the walls of the intestine, and that so far no local effect of any one 
of these nerves has been described’. 

It is undeniable that this wide range of influence of single nerve 
roots fits readily with the theory that the peripheral nerve-cells of like 
function are connected together and discharge as a whole when an 
impulse reaches any part. Nevertheless the facts to be mentioned 
presently show, I think, that this is not the method by which the 
spreading out of pre-ganglionic impulses is brought about. 


PUPILLO-DILATOR NERVE-CELLS. 


An incidental observation which I made some time ago shows that 
nerve-cells of like function in the superior cervical ganglion may be 
excited unequally by pre-ganglionic nerve fibres. 


2 In the intestine I should expect to find that the maximal effect of successive nerves 
is on successive portions. 
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J. N. LANGLEY. 
In a cat in which the cervical sympathetic had been cut on both 


sides and had regenerated’, stimulation of the left 1st thoracie nerve, — 


though causing great dilatation of the pupil, had a greater effect on the 
temporal than on the nasal side ; this was best shown by the after-effect, 
the iris on the temporal side relaxing much more slowly than on the 


nasal side (Fig. 1 b). 


_ On the right side, both 1st and 2nd thoracic nerves had a marked after-action of such 
- sort that the long diameter of the pupil was at an angle of about 30° from the vertical. 
This was probably due to a rotation of the globe of the eye caused by unequal contraction 
of the unstriated muscles of the orbit ; but the matter is not quite clear, since after section 
of the cervical sympathetic a slight rotation of the globe of the eye is occasionally present, 
the upper part being turned nasally. | 


Fig. 1. a. Size and shape of the pupil in the resting state. 
b. After-effect of stimulation of the 1st thoracic nerve in a cat in which the 
cervical sympathetic had been cut and had regenerated. 
c. Effect of direct stimulation of the superior cervical ganglion in a case in 
which the cervical sympathetic had been cut and had regenerated. 
d.e.f. Effect of stimulation of three different rootlets of the 8rd thoracic nerve. 


In my experiments upon the action of nicotine on the superior cervical ganglion, I 

in one case*, in which the cervieal sympathetic had been cut and had degenerated, 

that direct stimulation of a point of the ganglion 2 to 8 mm. from its anterior end caused 

marked local dilatation of the pupil (Fig. 2c). The local dilatation may have been due to 

excitation of a few post-ganglionic nerve fibres, or—and this seemed to me more likely—to 
excitation of a small group of nerve-cells. ) 


1 Cp. This Journal, xxm. p. 216. 1897. Cat D. 
* This Journal, xxv. p. 469. 1900. Exp. 8. 
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Hence it seemed to me probable that if a sufficiently small number 
of pre-ganglionic fibres could be stimulated by themselves, the action on 
the iris would be local and not general. In order to obtain a few fibres 
only, I have had recourse to ress rootlets of the upper thoracic nerves in 
the cat. ; 


In the dog, the rootlets are longer and more easily obtained for separate stimulation, 
but in a trial experiment I did not succeed in isolating more than four rootlets in the 
2nd thoracic nerve ; each of these gave on stimulation general dilatation of the pupil, though 
two of them had a greater effect on one side than on the other. 

I also cut and teased out on glass the cervical sympathetic in a cat. Most of the 
strands obtained gave no effect on stimulation, they had no doubt been injured by teasing ; 
three of the strands gave general dilatation of the pupil, and one of these gave a greater 
effect in a part (about }) of the iris than elsewhere. 

In the cat, the best method of experiment is perhaps the following: The posterior 
roots outside the dura mater are cut, the dura mater is cut open, the anterior roots are 
carefully drawn away from the cord, and cut at their entrance into the cord, and the piece 
of cord is removed ; the roots isolated from one another on the dura mater are then held 


up with fine pointed forceps, and separately stimulated with weak tetanizing currents. By 
this method there is less escape of current than when the cord is raised, and the electrodes 
put on the uncut rootlets. Mechanical stimulation (pinching) of the rootlets was tried, but 
without result. 


In the cat a dozen or more rootlets of the Ist, ond and 3rd thoracic 
nerves can, with a little care, be separated from one another. The lower 
ones of each root are however too short for separate stimulation. Even 
with the longer upper rootlets there is considerable risk of escape of 
current to the other rootlets ; but since such escape would cause general 
and not local dilatation of the pupil, the escape in these experiments is 
mainly of consequence in that it makes it difficult to obtain a local 
effect, though that alone may be produced by the rootlet itself. 

I have made five experiments, stimulating in each case the rootlets 
of two of the first three thoracic nerves on both sides. There was con- 
siderable variation in the results obtained from the several rootlets. 
(i.) In each experiment one or more of the long upper rootlets caused 
marked local dilatation, which with weak and moderate currents was 
confined to a portion of the pupil. (ii.) Other rootlets caused unsym- 
metrical dilatation of the pupil, but all parts of the iris were affected ; 
after cessation of the stimulus, a local area remained affected for a short 
time after the remainder had become normal. (iii.) In two cases a 
rootlet caused slight general dilatation of the pupil. (iv.) In some cases 
a single rootlet, and in all cases a bundle of rootlets gave good general 
dilatation. 


In the different experiments local dilatation at all parts of the pupil 
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was ebtained, but in no case was the local contraction of the dilator 
structure so great, nor so local, as that which can be obtained by 
stimulating a small part of the sclerotic. 

In Fig. 1, d, e, f, I give the different shapes of the pupil obtained in 
one experiments by stimulating three different rootlets of the third 
thoracic nerve. It will be noticed that one rootlet gave a locally greater 
effect at two points of the iris. 

For my immediate purpose, the essential part of the foregoing 
results is, that stimulation of a single rootlet of any one of 
the first three thoracic nerves may cause contraction of a 
portion only of the dilator structure of the iris. This means 
that the several pupillo-dilator nerve-cells may be excited 
separately, and the fact disproves the theory that the pupillo- 
dilator nerve-cells are connected together to work as a whole. 
The theory might, however, be modified. It might be supposed that 
a certain strength of stimulus is requisite in order that the excitation. 
may spread from the cells immediately affected to the rest. With 
regard to this it may be remarked that the local dilatation which is 
given by a rootlet, though far from maximal, is yet considerable, and 
that it is improbable that excitation of a group of nerve-cells sufficient 
to produce this should not pass on to other nerve-cells if they are all 
_ physiologically connected. And it is to be remembered that although 
the effect on the iris is not maximal, the excitation of the nerve-cells 
concerned may be. Further, although this modified theory might 
account for a rootlet giving a slight dilatation confined to one part of the 
pupil, it cannot at the same time account for another rootlet giving 
a less but general dilatation. If the excitation in the former case is too 
weak to pass from the stimulated nerve-cells to the other nerve-cells, it 
must be too weak in the latter case, 4.¢. the weak general dilatation is 
produced without the passage of nervous impulses from nerve-cell to 
nerve-cell, If a rootlet can do this, d fortiori, a root can also, and it 
becomes entirely gratuitous to postulate the presence of connections 
between the nerve-cells in order to account for the fact that each of the 
first three thoracic nerves causes general dilatation of the pupil. 

I conclude then that the theory of the coordination of the peripheral 
_ pupillo-dilator nerve-cells is untenable, and I pass to consider what other 
explanation can be given of the facts, on the view that the pre-ganglionic 
fibres stimulate only those nerve-cells with which they are directly 
connected. In the experiments mentioned above, the majority of the 
rootlets caused dilatation of all parts of the pupil, although the dilatation 
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was often unsymmetrical. This may in part have been due to escape 
of current to other rootlets, but I do not think it can be doubted that 
a small proportion of the pupillo-dilator fibres are sufficient to cause 
considerable general and symmetrical dilatation, | 

~ Tt is conceivable that the wide spreading out of impulses might be 
brought about by the several fibres of each rootlet intermingling in the 
cervical sympathetic, and by numerous small bundles of the sympathetic 
spreading out widely in the ganglion and becoming connected with 
nerve-cells dotted over the whole area. This possibility is not however 
satisfactorily supported by the histological appearances, Although no 
doubt there is in the cervical sympathetic considerable intermingling 
of the fibres of the rootlets, the fibres in the sympathetic itself change 


their relative position very little, and general dilatation of the pupil 


may be obtained from a small bundle of the sympathetic. In the 
ganglion the sympathetic divides into bundles, and each bundle appears 
to end in the main in connection with neighbouring nerve-cells, 
Although then some spreading out of impulses may occur in con- 
sequence of the mode of distribution of the pre-ganglionic fibres, I do 
not think the facts can be accounted for in this way. 

A second possibility is that a distribution of pre-ganglionic impulses 
is brought about by the spreading out of the post-ganglionic fibres, — 
The bundles of nerve fibres which leave the ganglion soon form a plexus, 
and a portion of this is continued along the internal carotid artery until 
the fibres run to the 5th cranial nerve. It is hardly possible to explain 
the existence of the plexus except as due to an intermingling of the 
fibres which compose the bundles leaving the ganglion. Now the 
histological appearances in the ganglion show that in the main each 
bundle arises from adjoining nerve-cells, It is then in the highest 
degree probable that the fibres from adjoining nerve-cells in the ganglion 
run to different long ciliary nerves, so that any small group of nerve-cells 
in the pupillo-dilator region of the ganglion would cause dilatation in 
a more or less extended area of the pupil. The extent of the area 
affected would depend primarily upon the degree of separation of the 
post-ganglionic fibres, and secondarily upon the number of fibres, t.¢. of 
nerve-cells involved. This question I have tested experimentally. 

.. The number and arrangement of the rami given off from the anterior 
end of the superior cervical ganglion vary in different cases, but four 


_ rami or bundles of rami may be distinguished for purposes of experiment. 


In a cat in the dorsal position, the esophagus and trachea being tied 
and turned forward and the superior cervical ganglion viewed from the 
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median side (Fig. 2), two rather large strands can be seen issuing from the 
anterior pole of the ganglion, the one on the median side (medio-polar 
strand) is usually the larger and it may more or less cover the lateral 
one (latero-polar strand). A millimetre or two from the pole a strand 
of moderate size. arises from the medio-dorsal part of the ganglion 
(medio-dorsal strand), in some cases it consists of two rami. At about 
the same distance from the pole on the latero-dorsal edge another strand 
(latero-dorsal strand) arises, this usually consists of two or more small 
rami, Fibres from these four strands intermix soon after they leave 
the ganglion and form what may be called a pre-terminal plexus, The 
plexus has great variations in different animals. In Fig. 2 I give a 
sketch of the arrangement in a particular case. | 


te. 3: Example of arrangement of the rami proceeding from the anterior end of the sup. 

cerv, ganglion in the cat. m.d.=medio-dorsal strand; m.p.=medio-polar strand; 

&p.=latero-polar strand; J.d.=latero-dorsal strand; ext. car.=rami to external 
carotid artery. 


These bundles I have tied separately, isolated for a short distance and 
stimulated. Very weak tetanizing shocks (1 Daniell, du Bois Reymond 
inductorium, sec. coil at 20 cm.) caused general dilatation of the pupil 
in all cases except one in which the latero-dorsal strand gave local 
dilatation. Since there is considerable chance of escape of current, I 
lay no great stress on these results. 

Instead of tying and stimulating the separate bundles, the bundles 
may be cut in succession, the cervical sympathetic stimulated after 
each section, and the effect on the pupil noted. It is easy to pass a fine 
needle through the larger of the polar strands and to tie or cut a portion 
of the fibres. From experiments made in this way I find that if any one 
of the three larger strands is intact, or 4 to 4 of the polar ones, 
stimulation of the cervical sympathetic causes general and not local 
dilatation of the pupil. When the latero-dorsal strand only is intact 
the results vary, there is sometimes general but. weak dilatation and 
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. “Thus the effect of stimulating a portion of the post-gangli- 
onic fibres as they leave the ganglion is fundamentally the same 
as that of stimulating a portion of the pre-ganglionic fibres 
before they enter it. A small proportion of the total number 
of fibres is sufficient to cause maximal. general dilatation. 
When the number of fibres is very greatly reduced either 
slight general dilatation or local dilatation is produced. 
Occasionally in the cat, the presence of pupillo-dilator nerve-cells 
on the course of the cervical sympathetic, proximal to the superior 
cervical ganglion, affords an opportunity of readily observing that either 
a few pre-ganglionic or a few post-ganglionic fibres.may cause slight 
all-round dilatation of the pupil. In a favourable case stimulation of 
the cervical sympathetic low in the neck, after the superior cervical 


ganglion has been paralysed by moistening it with nicotine, causes a 


slight symmetrical dilatation of the pupil, and no increase in the 
strength of the stimulus makes it otherwise than slight; here pre- 
ganglionic fibres running to the nerve-cells on the course of the 
sympathetic are stimulated. After brushing nicotine over the nerve 
itself, stimulation of the sympathetic low in the neck has no effect, but 
stimulation distally of the nerve-cells in it causes the slight symmetrical 
dilatation seen at first; in this case the post-ganglionic fibres of the 


nerve-cells are stimulated. 


Hence the cause of the spreading out of the pre-ganglionic 
impulses is not the co-ordination of the nerve-cells of the 
ganglion; it may be in a very minor degree caused by the 
intermingling of the pre-ganglionic fibres, but in the main 
it is caused by the intermingling of the post-ganglionic 


fibres which occurs in the pre-terminal plexus on the way . 


to the tissue. 


OTHER NERVE-CELLS OF THE SUPERIOR CERVICAL GANGLION. 


_. On the other nerve-cells in the ganglion I have chiefly incidental 
observations to record, but they afford evidence that the general 
conclusions drawn above with regard to pupillo-dilator nerve fibres and 
nerve-cells hold for the other kinds of nerve fibres and nerve-cells in the 
superior cervical ganglion. In the experiments on post-ganglionic fibres 
mentioned above, the movements of the eyelids and the nictitating 
membrane were observed. The results were that each of the four 


strands (cp. Fig. 2) leaving the ganglion contained fibres for these 
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structures, the rapidity of the movement, and in the case of the aise, 
the extent of it, varying directly with the number of fibres. Either of 
the two polar strands was apparently able to give a maximal effect. 

In two of the experiments mentioned above; the arteries of the ear 
were observed, and I have made a few additional experiments in which 
they were specially noted. The matter here is complicated by the fact 
that the proximal end of the ganglion sends vaso-motor fibres to the 
ear by the rami it gives to the 2nd and 3rd cervical nerves. The 
general results were—that contraction of the vessels of the ear can be 
obtained from each of the four distal strands as well as from the 
proximal strands; that the rapidity and to some extent the degree of 
contraction varies with the number of fibres set in action; that the 
region of maximum effect is not the same with all the stands, and that 
in some cases the smaller strands give considerable local contraction 
with little or no contraction elsewhere. 

With regard to the pre-ganglionic fibres, I have not ‘ae direct 
experiments to determine how far a local action on the arteries of the 
ear can be obtained by stimulating the several rootlets of the 2nd to 
5th thoracic nerves, but I have mentioned earlier a case in a cat in 
which after regeneration of the cervical sympathetic, the Irt thoracic 
nerve had a local action on the central artery. In this cas}* 24 days 
had been allowed for regeneration. Stimulation of the Ist thoracic 
nerve caused complete and ready contraction in half a centimetre in the 
middle of the central artery, the proximal part was not at all affected 
and the distal part very slightly; some of the branches of the artery 
wefe also entirely unaffected. 


_ PILO-MOTOR NERVE-CELLS OF THE SYMPATHETIC CHAIN. 


Primdé facie the case for the co-ordination of pilo-motor nerve-cells 
in the several ganglia of the sympathetic chain is strong, for most of the 
ganglia receive fibres from four spinal nerves*, and some from more, and 
erection of hairs in the whole area of the grey ramus of the ganglion 
can usually be obtained from each of the spinal nerves, though the effect 
is not equal in the several areas. 

The criteria as to whether the nerve-cells form a co-ordinated centre 
which have been applied above to the pupillo-dilator nerve-cells of the 
superior cervical ganglion may also be applied to the pilo-motor nerve- 
cells of the ganglia of the sympathetic chain. If they are connected 

1 This Journal, xxu1. p. 228. 1897. 
Ergebniise der Physiologie, Jahrg. nv. Abt. 2te. p. 847. 1908. 
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together to work as a whole, stimulation of a few pre-ganglionic pilo- 
motor fibres cannot in some cases cause feeble movement of hairs in the 
whole of the area governed by the nerve-cells and in other cases cause 
fairly strong movement in patches of the area with little or none in the 
intervening regions. | 

We have then to consider what happens when a few nerve fibres 
running to a single ganglion are stimulated. I have made experiments 
in three ways :— coe 

‘A. Stimulation of nerve roots. On stimulating in the vertebral 
canal one of the spinal nerves which contain pilo-motor fibres, erection 
of hairs is obtained in the dorsal skin areas supplied by a series of 
ganglia. The rapidity and strength of the movement is, as I have said, 
not the same in the different areas, and it often happens that the move- 
ment in the uppermost or lowermost area is only slight. Section of 
a spinal nerve and observation of the number of degenerated fibres 
running to each ganglion show that the effect in the several areas is 
toughly ‘proportional to the number of nerve fibres running to each 
ganglion; and there is reason to believe that the effect on the movement 
of hairs is strictly proportional to the number of pilo-motor fibres. 
Hence the slight movement observed in certain areas may be taken as 
‘the movement produced by a few pre-ganglionic fibres, The skin area 
supplied by a given ganglion usually receives some post-ganglionic fibres 
from the ganglion above or below, such fibres may be put out of action 
by the application of nicotine to the ganglia above and below. When, 
then, stimulation of a spinal nerve gives only a slight movement of 
hairs in an area, and nicotine is applied to the ganglion above and to 
that below the ganglion mainly supplying the area, subsequent stimula- 
tion of the spinal nerves gives in this area the effect of stimulating 
a few pre-ganglionic fibres running to this ganglion. In experiments 
conducted in this way the effect varies; it is either (1) a slight move-— 
ment of hairs in the whole area, but greatest in the median portion, or 
(2) a slight movement in the median portion of the area only, or 
(3) a movement in patches of the median portion of the area. The 
greater tendency to movement of hairs in the median portion of area is 
no doubt due to a greater development of the arrectores pilorum in this 
region’, for if the whole of the pre-ganglionic fibres running to a — 


1 Of this Journal, xxv. p. 871. 1900. Similarly, the arrectores pilorum are probably 
unegually developed in different areas; for the minimal stimulus required to produce 
erection of hairs over the greater part of the tail is less than that required to produce 
erection of hairs in the lower lumbar region. 
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ganglion are stimulated with minimal currents, the erection of hairs is 
confined to the median half to two-thirds of an area, dying away 
gradually though rapidly at the junction. Since there is a difference in 
ease of response in the median and the lateral portion of a pilo-motor 
skin area, I only take into account the movement of hairs in the 
median region. The results which are pertinent are that maximal 


stimulation of a few pre-ganglionic fibres in a spinal nerve may cause 


either (1) slight movement in all the hairs in the median part of a skin 
area or (2) movement in patches of: the median part of the area, with 
little or no movement of the intervening hairs. The latter was in my 
experiments the less common case. 

B. Axon reflewes. In a previous paper I have described the pilo- 
motor axon reflexes which are observable in the sympathetic chain. In 
the lumbar region in the cat, the reflex is usually obtained from the two 
ganglia above, occasionally from three’. The movement of hairs brought 
about by the axon reflex is usually in the whole area of the two ganglia 
above the point stimulated, being greatest in the area of the ganglion 
nearest the stimulated point, But when the reflex occurs in the area of 
the third ganglion above the stimulated point, the movement of hairs is 
usually in patches in the median part of the area; and the movement 
may be fairly strong in some patches and absent or very slight in the 
intervening regions, The axon reflex is due to the stimulation of pre- 
ganglionic fibres which send branches to ganglia céntrally of the point 
stimulated; when there are many such branches to a ganglion the 
hair movement is strong in the whole region, when they are fewer the 
hair movement is weak in the whole region but greater dorsally than 
laterally, when they are still fewer the hair movement may be unequal 
in the dorsal part of the region or confined to patches in it. 

Since the axon reflex is not always obtainable from the third ganglion above the point 


stimulated in the lumbar region, it may be necessary to make several experiments to 
obtain a result. The method of experimenting is as follows. In an anssthetised cat, the 


hairs are cut short over the lower lumbar vertebra, the lumbar sympathetic is tied and cut 


on the left side just below the 2nd lumbar ganglion and just above the 6th lumbar 
ganglion, and the white rami in the intervening region are severed; warm 1 p.c. nicotine 
is brushed on the sympathetic from a point a little above the 4th lumbar ganglion down 
to and including the 5th lumbar ganglion; thus all the nerve-cells except those of the 3rd 
lumbar ganglion are put out of action, The sympathetic is stimulated above the 3rd 
lumbar ganglion, and the patch of hairs governed by this ganglion is noted; the 
sympathetic is then stimulated below the 5th ganglion, in successful cases small patches 
of hairs become erect in the median part of the region governed by the third ganglion. It 
may be noted that the maximal effect is usually only obtained after several stimulations. 


1 This Journal, xxv. p. 868, 1897. 
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The results then of stimulating the pre-ganglionic fibres either in 
the nerve roots or after they have given branches to a ganglion are 
fundamentally the same, the only difference being that in the 
experiments which have so far been made the local action has been 
more frequently observed in the latter than in the former case’. | 

C. Stvmulation during regeneration. Lastly it is to be noted that 
a local effect of stimulating the spinal nerves may be seen after section 
and partial regeneration of the lumbar sympathetic. This occurred in 
Exps. 2 and 3 given in this Journal, xxv. p. 420, 1900. In the former, the 
3rd lumbar nerve caused erection of the hairs in patches in the lower 
lumbar and sacral region. In the latter, the effective lumbar nerves, and 
the lower lumbar.sympathetic itself, caused erection of patches of hairs 
and of isolated hairs on the tail. Normally a slight general movement 
of the hairs in a given region of the tail is nearly always obtained by 
stimulating one of the upper lumbar nerves. 


Thus by all three methods of observation, results are Pera 


which are inconsistent with the hypothesis that the pilo-motor nerve- 


cells in a given ganglion of the sympathetic chain are connected by 
commissural fibres to form a co-ordinated centre. And we have seen 
above that the pupillo-dilator and the vaso-motor nerve-cells of the 


superior cervical ganglion do not form co-ordinated centres. 


Since these nerve-cells of varying function are not 
connected with one another by nerve fibres it is, I think, a 
fair conclusion that none of the nerve-cells of the sympa- 
thetic system, and none of the similar nerve-cells on the 
course of the cranial and sacral nerves are so connected. 

Passing to the arrangement of the post-ganglionic fibres, the facts 
are as follows. Usually two strands run from a ganglion and form 
a plexus on the vertebral artery before they join the spinal nerve. Each 
of these branches usually causes strong movement of hairs over the 
whole area, Weaker movement of hairs on the whole area may be 
obtained by stimulating the post-ganglionic fibres which come from the — 
ganglion above or below either by way of the white ramus or by way .of 
the sympathetic chain, but these strands not infrequently only cause 
movement in part of the area’. 

Here again then the effect of stimulating a portion of the post- 


1 The difference may be due either to the small number of experiments, or to fewer 
fibres being stimulated in the axon reflex method. 
2 Of. Langley. This Journal, xv. p. 201, 1893. 
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gariglionic fibres is fundamentally the same as stimulating « portion of 
the pre-ganglionic fibres, and it is unnecessary to assume any co- 


ordination of impulses in the nerve-cells interposed between the owe sets 


‘REMARKS ON THE DISTRIBUTION OF THE POST- 
GANGLIONIC FIBRES IN THE TISSUES. 


We have seen above that a given small region of the iris, or of the 


blood vessels of the ear, or of the skin with erectile hairs, is affected by 


post-ganglionic fibres which run in several different strands; and that 


in the case of the skin with erectile hairs the strands may arise from three 
separate ganglia. Further we have seen that when a few post- 


ganglionic fibres are stimulated the effect produced is weak, that as 
more fibres are stimulated the effect increases till. it becomes maximal, 
and that on stimulating still more fibres the maximal effect is more 
quickly obtained. In all probability the same sequence holds for all 
tissues supplied by post-ganglionic fibres. 

In order to explain these facts we must first explain how it is that 
maximal stimulation of a few nerve fibres can cause a minimal effect on 
the tissue. ‘The explanation I take it is that each post-ganglionic fibre 
ends in connection with a few contractile cells only, and these probably 
not immediately adjoining one another; so that although maximal 
stimulation of the fibre produces winsiesal contraction of the cells in 
which it ends, the contraction of the tissue as a whole is slight. This is 
especially indicated in the iris, the dilatation of the pupil produced by 
stimulating a few fibres follows quickly on the stimulation, but the 
dilatation itself is slight’, 


As the number of nerve fibres stimulated is increased, more con- 


tractile: cells will be involved until there are sufficient to produce a 
maximal effect. When still more fibres are stimulated more cells are 
brought into play, and the maximal effect is more quickly produced. 

The diminution in the time required to produce @ maximal effect 


in be due to contractile cells receiving nerve endings from 


slow, slight dilatation of the pupil is sometimes obtained, but at times the dilatation starts — 
fairly quickly but remains slight although the stimulus is continued. In the conditions _ 


of my experiment the minimal stimulus varied rapidly, and it is possible that in the cases 
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more than one post-ganglionic fibre, but I do not think there are any 
facts which make this view necessary. | 


I have so far left. unmentioned the peripheral plexus of nerve 6 fibres 


which occurs in unstriated muscle, in the iris and in glands. The plexus 


is described by a good many observers as forming a network, and 
recently Bethe has supported this view, so far at any rate as regards the 
nerve fibres Present in the blood vessels. 

In the iris and in the skin it is certain that nervous impulses entering 


_ at any one point affect a limited and local area. If electrodes are placed 


on the sclerotic, radial contraction occurs in a small part only of the iris, 
a slight shifting of the electrodes causes contraction of another part. — 
Similarly if a small piece of the dorsal sub-cutaneous tissue is picked up 


_ in fine forceps, erection of a few hairs immediately opposite the point 


stimulated is obtained. There is similarly local, though less local, 
contraction of the arteries. The plexus (or network) which occurs in 
these régions is connected with the plexus of the adjoining regions but 
nervous impulses do not spread out into them. Consequently there 
cannot be either in the skin or in the iris any considerable spreading 
out Of impulses by means of a nervous network. If any such spreading 
out of impulses occurs it can only occur in the small area to which direct 
fibres run, and in which it is superfluous to assume it. ‘The experi- 
mental evidence is, I think, in favour of isolated conduction in the post- 


_ ganglionic branches, and the terminal plexus probably serves chiefly for 


the distribution of the branches of post-ganglionic fibres, just as the 
pre-terminal plexus serves for the distribution of the fibres themselves. 


SUMMARY AND CONCLUSIONS. 
——_ has been argued that the pupillo-dilator nerve-cells of the superior 


“cervical ganglion must be connected together to form a co-ordinated 


eéntre, since dilatation of all parts of the pupil is given both by the Ist 
. 2nd thoracic nerve, t.e. by a portion of the pre-ganglionic nerve 


8. 

I have pointed out that symmetrical dilatation of the pupil may be 
given by a number of pre-ganglionic fibres much fewer than those 
contained in either of these nerves. Notwithstanding this, I hold that 
the wide spreading out of post-ganglionic impulses is not due to the 
pupillo-dilator nerve-cells being connected together because— 

(a) Stimulation of a small number of post-ganglionic fibres as they 


leave the ganglion may also cause symmetrical general dilatation of the 
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pupil. Since a spreading out of the nervous impulses occurs peri- 
pherally of the ganglion, it is unnecessary to assume that the spreading 
out of pre-ganglionic nerve impulses is due to a co-ordinating centre in 
the ganglion itself. 

(6) Stimulation of a rootlet of one of the first three thoracic nerves, 
i.e. of a few pre-ganglionic fibres, although it may cause symmetrical 
dilatation of the pupil, may also cause asymmetrical dilatation, or local 
dilatation. It seems to me that on no theory of the cells being connected 
to form a co-ordinating centre can one small burdle of pre-ganglionic 
fibres cause weak dilatation of all parts of the pupil, and another cause 
rather stronger dilatation of one part only of it. 

Any one of four bundles of post-ganglionic fibres leaving the 
anterior end of the ganglion may cause general dilatation of the pupil, 
_ and the same may be produced by a portion.of the larger bundles. 
This spreading out of nervous impulses I take to be due to the nerve 
bundles forming a plexus (the ite plexus) which begins soon 
' after leaving the ganglion. 

Within the limits of observation the effect on the pupil is roportional 
to the number of nerve fibres stimulated, whether they are prée-ganglionic 
or post-ganglionic. When the number of fibres is very small either 
local dilatation or weak general dilatation is obtained (probably a 
minimal number of fibres would always give a local effect). the 
number of nerve fibres stimulated becomes greater, general dilatatipn is 
always obtained but it may be unsymmetrical. With further in 
in the number of fibres, symmetrical maximal dilatation is obtained. 
With still further increase, the maximal dilatation is more quickly 
attained. 

It is known that the post-ganglionic fibres when they have ente 
a long ciliary nerve cause local dilatation of the pupil. More limi 
local dilatation may be obtained by stimulating a branch of a 
ciliary nerve on the sclerotic. It follows that. the spreading out {of 
impulses in the tissue itself is at most slight. 

As has been said above, when a few nerve fibres are stimulated, the 
dilatation is slight ; the explanation of this I take to be that each nerve 
fibre ends in connection with a certain number only of the radial con- 
tractile cells of the iris, and does not influence the rest. It is probable 
that the contractile cells supplied by the branches of a single post- 
‘ganglionic fibre, although near one another, are not immediately ad- 
joining cells, so that the minute areas supplied by the single fibres more 
or less overlap. The plexus in the iris {terminal plexus) is, I think, in 
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the main due to the interlacing of the branches of the post-ganglionic 
fibres on their way to their overlapping areas. This plexus is considered 
by some observers to be a network; if a network exists it is difficult to 
see how it can have any physialogical importance. 

All the general statements made above for pupillo-dilator nerve 
fibres hold also for the pilo-motor nerve fibres of the sympathetic chain. 
They hold also, so far as they have been worked out, for the vaso-motor 
nerve-cells of the superior cervical ganglion. Further, the facts known 
about the pre-vertebral ganglia are in harmony with these statements. 
The general statements may then, I think, be held to apply to all the 
sympathetic ganglia and to the similar ganglia of the cranial and sacral 
nerves. 

The observations given in this paper wappork the genéral view ¥ of the 
connection of the peripheral ganglia with the central nervous system 
and with the tissues, which I have earlier put forward. They give 
further evidence that the nerve-cells in the ganglia are not'connected 
with one another’, and they show that the function of the pre-terminal 
plexus is to distribute over a wide area the impulses coming to the 
ganglion by a portion of its pre-ganglionic fibres. 


1 There is not sufficient evidence to show that a nerve-cell may not receive branches from 
more than one pre-ganglionic fibre, just as there is not sufficient evidence to show that a 
contractile cell may not receive branches from more than one post-ganglionic fibre; all that 
can be said with certainty is that the number of such connections in any one cell, if they 
exist, must be much less than the number of branches of « single fibre. . 


+m 
> 
al 
a 
+ 
“Ma 
in 
iy 
v4 
<a 
| 
a ‘. 
& 
. 
2 
4 
£ 


THE INNERVATION OF THE SPHINCTERS AND MUS- 

-- CULATURE OF THE STOMACH. By W. PAGE MAY, 
M.D., D.Sc., F.R.C.P., Fellow and ww of Carrey College. 
(Six Figures in Text.) 


‘lems tha Physiological Laboratory, University College, London.) 


THE study of the literature relating to the movements of the stomach 
and their innervation reveals such a number of contradictory statements 
_and opinions that it-is impossible to come to any definite opinion on the 
subject. I have therefore thought it worth while to reinvestigate the 
question of the innervation of the stomach movements, paying some 
attention at the same time to the normal movements of the stomach in 
the absence of stimulation of the nerves connecting the stomach to the 
central nervous system. 

For my experiments I used different animals, namely, rabbits, cats, 
dogs and monkeys, and employed the methods partly of direct inspection, 
partly of graphic registration of the movements. 


MOVEMENTS OF THE EXCISED STOMACH. 
The movements of the stomach in a digesting animal have been the 


subject of an admirable description by Cannon, who fed the animals. 


with food containing bismuth subnitrate, and observed the shadow of 
the stomach by means of the Réntgen rays. The conclusions arrived at 
by this author confirm and amplify those drawn by Hofmeister and 
Schtitz? from a study of the excised organ; and I have little to add to 
the results arrived at by these observers. On excising the stomach of 
a dog and placing it in a saline bath at 40°C., rhythmic contractions of 
the organ occurred and altered every 15 to 20 minutes after the excision 
of the organ. The stomach of the dog consists of two portions, namely 
the antrum, forming the third nearest the pyloric orifice, and the fundus 
of the stomach forming the cardiac two-thirds. At the junction between 
these two parts there is, in the freshly-excised organ, generally a con- 


1 Hofmeister and Schiitz. Archiv fiir exper. Path. u. Pharm. xx. p. 7. 1886. 
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striction, which was called by Beaumont the transverse band, and has 
the appearance of a thickening of the circular fibres at this spot, though 
in the dead flaccid organ very little is seen of this band. Most of the 
rhythmic contractions of the organ start at this band, or somewhat to the 
_ cardiac side of it, and travel slowly downwards towards the pylorus. If 
the stomach be distended by air the amplitude of these contractions 
increases considerably, their point of origin goes further back, so that 
the strongest contractions may begin just below the cardiac orifice and 
travel along the whole extent of the stomach. The interesting point 
about this observation is the complete reproduction i in the excised organ 
of the movements observed by Cannon’ in an absolutely normal animal, 
showing that, the apparently highly co-ordinated movements of the 
stomach depend on a local mechanism, and do not require the interaction 
of the central nervous system. 

_ In a number of experiments I recorded the movements of each sent 
of the stomach by means of two balloons inserted, one in the fundus, the 
other in the antrum, each connected with a piston-recorder, the same 
method, that is, as was used by Bayliss and Starling’ in their 
investigation of the intestinal movements. When observed in. this 
way the two halves of the stomach are found to differ considerably in 
their activity. The pyloric end is always the more active, and shows 
a series of rhythmic contractions, each lasting about 8 seconds, and 
recurring at intervals of 15—18 seconds. Inspection shows these 
rhythmic contractions to be produced by peristaltic waves starting -at 
or near the transverse band, and travelling slowly down towards the 
pyloric orifice. The cardiac tambour or piston-recorder may show no 
contractions at all, or if contractions are present they have the same 
‘ rhythm as the pyloric contractions, but are very much smaller in extent. 
It is rather difficult to be certain that they are not passive reproductions 
of the antral movements. In some cases at any rate they represent 
feeble contractions which start near the cardia and travel along the two 
curvatures of the stomach, to suddenly undergo a great accession in force 
and extent as they approach the transverse band. poe 


ACTION OF NERVES ON. THE STOMACH MOVEMENTS. 


Methods. For the investigation of the action of nerves on the 
stomach, animals of the types mentioned were anesthetized and placed 
in a warm saline bath. The anesthetic varied in different cases: in 


? Cannon, W. B., Amer. Journ. of Physiol. 1. p. 359. 1898. 
2 Bayliss and Starling. This Journal, xx1v. p. 99. 1899. 
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dogs morphis and mixture being used, in’ cats and rabbits ether, 
and in monkeys ether and morphia. In a few cases the morphia was 
omitted, but without altering to any marked degree the results obtained. 
In one or two cases in dogs curare was administered in addition to the 
anesthetic. In the bath the abdomen was opened and a’ tambour 
inserted through the cesophagus, or through the duodenum, or both, 
into the cardiac and pyloric parts of the stomach. The tambours were 
kept distended with air under a pressure of 4 and 5 centimetres of water, 
and their movements were recorded by means of piston-recorders. When 
it was necessary to stimulate the vagus, atropine was generally admini- 
stered in doses sufficient to paralyse the cardio-inhibitory fibres. In 
one or two cases this was omitted, at-any rate in the earlier part of the 
experiment, and in one case degeneration of these fibres was secured by 
cutting the nerve three days before the actual experiment.. In all my earlier 


experiments the two splanchnic nerves were divided in order to cut off — 


any possible inhibitory impulses which might be reaching the stomach 
from the central nervous system; but later on this was found to be 
unnecessary, and to alter in no way the results of the stimulation of the 


vagl. 

Influence of the vagi on the stomach movements. I have not been 
able to obtain any evidence of a tonic influence of the vagus nerves on 
the stomach. Section of the two nerves in the course of an experiment, 
whether by cutting or by freezing, altered in no way the contractions 
-which were being recorded by tambours already connected with the 
interior of the stomach. On the other hand, stimulation of the vagi in 
all cases gave definite alterations of the stomach movements, whether 
atropine had been already administered or not. The results, however, 
varied according as we were recording the antral or the cardiac con- 
tractions. 

The normal effect of stimulation of the vagus with a moderate 
current on the antrum was to cause an immediate diminution or cessa- 
tion of its rhythmic contractions, and some diminution of the tone of 
the muscle. This inhibition lasted sometimes during the whole of the 
period of stimulation, sometimes for a period of only 10 to 15 seconds, 
and was then succeeded by a motor effect, two or three contractions 
taking place of an extent usually three times as great as the contractions 
obtaining before the stimulation. This increase in the extent of the 
individual contractions was attended by an increased tone, which, 
however, rapidly diminished as the contractions returned to their 
normal height. The relation between the period of inhibition and 
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the period of augmentation was very variable. Sometimes the inhi- 
bitory period was small, or, quite rarely, absent. The left vagus has 
on the average a distinctly greater influence on the musculature of the 
stomach than the right vagus, both as regards inhibitory and motor 
effects, (Compare also Dixon’ on the Frog.) 


Fig. 1. Upper line, of Second line, age of stomach. 
B. P., carotid blood-pressure. R. S.=stimulation of the 
stimulation of peripheral end of left vagus. Time in 10 seconds. 

Fig. 2. Dog, RB. V.=stimulation of right normal vagus. 

L. V.=of left degenerative vagus. 3 

It would seem, therefore, as in analogous cases, that the vagus — 
contains two sets of fibres, one of whose functions is inhibitory, and the 
other whose function is motor; and that the inhibitory fibres on stimula- 
tion show a shorter latent period, and a less lasting effect. With the 
hope of possibly throwing some further light on the action of these two 
sets of fibres, we stimulated in one animal a vagus which had been 
divided four days previously ; though this divided vagus on stimulation 
produced no-effect on the heart, we could discover no definite difference 
between this and the normal vagus in regard to the gastric contractions. 
Further, in some cases it appeared that the administration of atropine 
seemed to prolong the period or increase the inhibition, but we were 


2 Dixon. This Journal, xxvin. p. 67. 1902. 
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not able to convince ourselves of this, and considered that the effect 

was only apparent. A striking result was obtained by stimulating the 
peripheral end of a divided vagus whilst the stomach was in active 
contraction. It was seen that the contraction suddenly ceased, and 
a period of inhibition set in, to be again followed by still further and 
greater contractions. The results described above agree in the main 
with those of previous observers', Langley and others. 

Excitation of the central end of the vagus produced a rise of blood- 
pressure, and slight inhibitory influences on the stomach if the other 
vagus was intact. It is to be noted that the influence of the vagus on 
the stomach cannot be accounted for by any concomitant vascular 
change, for in all our cases the arterial pressure was recorded, and as 
@ result of stimulation of the peripheral end of the vagus no change 
was seen to occur in the blood-pressure. 

On the cardiac end the inhibitory effect is nearly always more pro- 
nounced than on the pyloric end, this being especially the case in 
monkeys (cp. Fig. 1). Very often the after-motor effect is absent so far 
as concerns any increase of rhythmic contractions; but in every case 
excitation of the vagus is followed by increased tone of the cardiac 
musculature. 

If the vagus be excited asterai times in succession, the tone 
continuously increases, and the lever is raised to a higher permanent 
level after every excitation of the nerve. This increase of tone only dies 
away very slowly, and in some of our experiments seemed to be quite 
permanent. The augmentory effect of the vagus in fact on the two 
halves of the stomach seems to be directly related to the functions of 
these two halves. Cannon’ has shown that the cardiac part of the 
stomach acts as a reservoir which has to continuously press portions of 
its contents into the pyloric mill. Stimulation of the vagus simply 
increases this tonic contraction of the cardiac end, and increases at the 
same time the forcible peristaltic contractions of the pyloric portion. 
“Effect of the splanchnics. Investigation of the influence of the 
splanchnic nerves upon the stomach proved much more difficult than 
that of the vagus. Usually in this research the peripheral end of one 
divided splanchnic was excited; occasionally, both were similarly 
stimulated, and sometimes one splanchnic and one vagus were stimulated 
in series, 

It has been stated by numerous observers that the splanchnics contain 


Gangley. This Journal, xxm. p. 418. 1898. 
* Cannon, W.B. Amer. Journ. Physiol. 1. p. 859. 
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two sets of fibres, like the vagus, and that they can on stimulation 
produce both an inhibitory and an augmentor effect, just as do the vagi. 
Schiff! deseribes motor fibres reaching the stomach from the sympathetic 
system by way of the splanchnic and solar plexus, Morat* made 
similar observations, and states that stimulation of the central end of the 
splanchnic gives contraction of the stomach, whereas stimulation of the 
central end of the vagus, he states, gives inhibition of movement. He 
states also that stimulation of the sciatic or a sensory nerve is sometimes 
_ followed by the splanchnic (motor) effect, sometimes by the vagal 
(inhibitory) effect. Wertheimer® states that he obtained, even after 
division of the vagi, gastric inhibition as a result of stimulating the 
splanchnic, and most previous observers have described a diminution 
of the tonus as well as of the rhythmic contractions of the stomach on 
stimulation of the splanchnic. Openchowski‘ states that the splanch- 
nics in rabbits have chiefly a motor, but partly an inhibitory effect, 
whereas in dogs he states their influence to be chiefly and partly motor. 
Contejean® says that the stimulation of the splanchnics in certain 
amphibia causes contraction, especially of the circular fibres (as opposed 
to the longitudinal fibres) of the stomach. Courtade and Guyon‘, 
working under similar conditions, describe a slow tonic contraction of the 
circular fibres, and inhibition of the longitudinal fibres. As pointed out 
above, however, so long as one vagus be intact, the movements of the 
stomach may be inhibited reflexly by stimulation of any sensory nerve. 
Langley’ describes inhibitory fibres for the cardiac sphincter of the 
rabbit as being present in the 5th to 9th thoracic nerves. Wertheimer, 
‘Cannon and others have noticed that emotional disturbance, anger, pain, 
etc. of the cats under observation at once checked contractions of the 
. stomach which were previously present. At the beginning of our 
investigation, therefore, we expected to find, as most previous observers 
had stated, effects both motor and inhibitory by stimulating splanchnic — 
nerves. | 
In my investigations of the influence of these nerves I observed the 
effects of stimulating not only these nerves themselves, but also the 


1 Schiff, Moleschott’s Untersuchungen, vit. p. 527. 1862. 


2 Morat, J.P. Arch. de Physiol, xxv. p. 151 and 153. 1893. 

* Wertheimer, ©. Arch, de Physiol, (5) 1v. p. 879. 1891. 

* Openchowski. Centralblatt f. Physiol. m.1, 1899. 

® Contejean, 0. Arch. de Physiol. (5) tv. p. 640. 1891. | 

* Courtade'and Guyon. Comptes Rendus de la Soc. de Biol. uit. p. 582. 1900. 
7 Langley. Schiifer’s Text-Book of Physiol. u. p. 695. 
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sympathetic chain in the thorax, ne the rami communicantes running 
to the stellate ganglion. 

On three or four occasions we obtained what appeared at first sight 
to be a definite motor effect as a result of splanchnic stimulation, though 
in no case was a motor effect produced on stimulating the thorax 
- sympathetic, This effect was only obtained with strong currents. In 
most cases, however, no effect was observed at all on stimulating the two 
nerves; and even in those cases where the effect was present it was at 
once abolished if the splanchnic with its electrodes were raised away 
from other tissues, so as to prevent escape of current. In one case I 
observed it in a curarized animal. But here again repetition of the 
excitation did not evoke a second motor response. I came to the 
conclusion, therefore, that the effect as observed by ourselves and by 
previous workers is probably due to a contraction of the diaphragm - 
excited directly by an escape of current from the electrodes. The fact 
that other physiologists have obtained a motor effect in curarized animals 
does not exclude this explanation, since, as is well known, the diaphragm 
is one of the last muscles to be paralysed by curare. At first I thought 
this rare motor effect of stimulating the splanchnics might depend on 
simultaneous action of these nerves on the blood vessels of the stomach 
or on the general blood-pressure. A rise of general blood-pressure 
certainly does induce in most cases increased movements of the stomach. 
When depending, however, on the excitation of the splanchnics it would 
be accompanied by a state of anwmia of the stomach walls. It was 
therefore necessary to investigate the influence of anzmia by itself on 
stomach movements, For this purpose we introduced a rubber balloon 
into the thoracic aorta and distended it by the injection of water, the 
blood-pressure being taken at the same time in the femoral artery. In 
_ this way the blood could be completely shut off from the lower part of 
the body. The only effect, as will be seen from the tracing (Fig. 4), is 
_ distinct diminution in tonus and a slow diminution in the rhythmic 
contractions. It is more than probable, therefore, that the occasional 
inhibitory influence of stimulation of the splanchnics described by 
previous observers may be explained by the alteration in the circulation 
of the vaso-constrictor effect of the blood vessels in the walls of the 
stomach and elsewhere resulting from excitation of the splanchnics. In 
no case on stimulation of the splanchnics did we get the marked 
immediate inhibition which is observed in the small intestine as a 
result of stimulating these nerves. And we slowly came to the con- 
clusion, after numerous experiments—about 30 in all—that the 
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splanchnics have no direct influence whatever, either motor or inhibitory, 
on the gastric movements. 


Fig. 8. | | Fig. 4. 
Fig. 8. Tracings as in Figs.1 and2. S=stimulation of the 
3 splanchnic (V) of the vagus. 


Fig. 4. Dog. Tracings as in Figs. 1 and 2, Time in seconds. 
E=moment of distending tambour in thoracic aorta. 


THE QUESTION OF CORTICAL CENTRES FOR STOMACH MOVEMENTS. 


As is well known, Bechterew and Mislawski! have described 
movements of the stomach or relaxation or contraction of its sphincters 
as resulting from stimulation of certain definite parts of the cerebral 
cortex. Openchowski® locates centres for the gastric movements in 
the dog in the crucial sulcus, in the corpus striatum, and the posterior — 
corpora quadrigemina. I have made a very large number of experiments 
on the subject, both in the dog and the monkey, examining the effect 


1 Bechterew and Mislawski,. Archiv f. Physiol., Supplement-Band, p. 254. 1889. 
* Openchowski. Arch. f. Physiol. Leipzig, p. 556. 1889. 
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of stimulating all parts of the cortical surface, including the lower surface 
of the brain, paying special attention—in accordance with a suggestion 
made by Dr Hughlings Jackson—to the neighbourhood of the uncinate 
_ gyrus. And in not a single case did I get any alteration of tone or of 
the rhythmic contractions of the gastric musculature as a result of 
- cortical stimulation, unless the excitation had been pushed to such an 
extent as to cause general convulsions. And I believe, therefore, that — 
_ there is no evidence of direct connection between the cerebral cortex and 
the stomach. Any effect obtained by previous observers is, I believe, 
- due to a general disturbance of the whole central nervous system, which 
influences the lower centres, especially of the medulla, and through them 
the state of the _— muscle, 


INNERVATION OF THE SPHINCTERS OF THE STOMACH. 


Methods. Three methods were made use of for determining the 

state of the sphincters and its alteration on stimulation of the vagus 
nerves. The simplest method is that employed by Langley, in his 
work on the cardiac sphincter of the rabbit. A glass tube in connection 

- with a manometer and containing warm physiological saline solution is 
tied to the esophagus (or antrum or duodenum as the case may be). 
The whole animal is placed in a warm saline bath, and an incision made 
into the stomach, so that contraction of the latter cannot increase the 
pressure upon the cardiac sphincter from below. The height of the fluid 
which will just cause a trickle through the sphincter is determined. The 
fluid is slowly lowered, and then the nerve stimulated. Relaxation of 
the sphincter will cause a flow of fluid. Increased contraction of the 
sphincter will enable us to raise the’ fluid to a greater height before it 
can overcome the resistance. By a slight modification this method may 
be employed for registering graphically the condition of the sphincter. 
The reservoir is connected with a tube tied in the cesophagus, and is 
raised to such a height that fluid runs slowly through the cardiac 
sphincter. The reservoir is also connected with a manometer, to the 
top of which is attached a rubber tube going to a piston-recorder. The 
pressure indicated by the manometer and registered by the recorder will 
be lower than that of the reservoir in consequence of the flow of fluid 
through the sphincter. If the sphincter relaxes the flow is suddenly 
increased and the height of fluid in the manometer drops considerably. 
If, on the other hand, the resistance of the sphincter i increases 80 as to 
stop the flow of fluid, the fluid in the manometer rises to the height of 
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that in the reservoir. A rise of the lever therefore means increased 
contraction of the sphincter, a fall of the lever implies relaxation of the: 

There was still a third method, used especially for determining the 
condition of the pyloric sphincter. A tube connected with a reservoir 
was tied into the antrum. Another tube tied into the duodenum was _ 
prolonged over the edge of the bath, so that any fluid passing from it 
would fall on a drop-counter (a disc of mica cemented to the lever of a 
Marey’s tambour); the reservoir being placed at such a height that the 
fluid is just held back by the resistance of the sphincter, any relaxation 
of the sphincter is at once indicated on the record by the tracing of the 


drops falling on the drop-counter. 


As regards the cardiac sphincter, our results confirmed those obtained — 
by Langley’. Thus in one experiment, the animal being under the 
influence of morphia and A.C.E., stimulation of the right vagus caused 
inhibition of the cardiac sphincter, followed by an augmentor effect. 
Just before stimulation of the peripheral end of the vagus, the cardiac 
sphincter held up saline solution to the height of 294 mm. On stimu- 
lation of the right vagus, the height immediately dropped to 12, and — 
after the lapse of each 30 seconds returned to 14, 15, 16, 17, 18, 20, 22, 
24, 254, 27, 29, 31, 33, 35, 34, 33, and then very slowly diminished. 
After a considerable pause, so as to allow time for full recovery, we then 
stimulated the left vagus. The cardiac sphincter at the moment of 
stimulation was maintaining a column of water 29 mm. in height. We 
stimulated with a moderate stimulus the left vagus, and the column of 
saline immediately dropped to, 134 mm., and then after every 30 seconds 
the height maintained was 154, 17, 189, 20, 22, 24, 26, 28, 30, 31, 31, 
32, 88, 33, 324, 32, 314, 31, 30, 29, 28. Other excitations produced 
similar results, and it is obvious that the vagal effect on the cardiac 
sphincter is, as a result of stimulation, chiefly inhibitory, followed by a 
slow augmentor effect. 

In another experiment the effect of the vagus in an anzsthetized 
animal before the administration of atropine was apparently to increase 
the resistance of the cardiac sphincter. After atropine was given the — 
vagus showed an inhibitive action, followed by an increased tone (see 

ig. 5). 
ph the pyloric sphincter the vagus had a somewhat similar influence, 
but with different time relations. Stimulation of either vagus for the 


| 1 Langley. This Journal, xxvil. p. 224. 1901. 
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first 10 to 30 seconds had no influence on the pyloric sphincter. Then 
this relaxed, allowing the passage of several drops of fluid. The opening 
_of the sphincter lasted 2 or 3 seconds, and was succeeded by a closure. 
And in many cases this opening and closing was repeated rhythmically 
two or three times. Cessation of the stimulation was followed in many 


Fig. 5. Upper line=record of height of fluid held up by cardiac sphincter. 
Middle line= period of stimulation. Lowest line=time in 10 seconds. _ 


cases by contraction of the stomach, especially the antral end, and about 


10 seconds later the pylorus closed and remained closed. When con- — 


traction of the stomach occurred during the stimulation of the vagus it 
was followed at the interval of a few seconds by a cessation of the flow 
from the stomach to the duodenum. Similar results were obtained when 
the flow was made to occur in a reverse direction, 1.¢. from duodenum to 
stomach, namely, relaxation of the sphincter after a latent period of 10 
to 30 seconds. The effect of the vagus on the pylorus is well shown in 
Fig. 6, where the excursions of the lever on the upper line represent the 


Fig.6. Upper line=record of drops of fluid passing through pylorus. Their periodicity 


is well marked. Middle line= period of stimulation of vagus. Lowest line=time in 


10 seconds, 
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drops of saline flowing through the relaxed pylorus into the duo- 
denum. 


In all these experiments on the sphincter one cannot assume that the 


results obtained represent a direct influence of the vagus on the 


sphincters and on these alone. There can be no doubt that these 
muscular structures, like those in other parts of the alimentary canal, 
are subject to influences proceeding from adjacent parts of the: canal, 


and any effect obtained by stimulating the vagus, for example, will be 


partly due to the direct influence of these nerves on the sphincters, 
partly indirect and a result of the-influence of these nerves on adjacent 
portions of the alimentary canal. A local reflex of this class is probably 
represented by the closure of the pyloric orifice shown by Von Mering 
to occur as a result of the presence of acid in the duodenum. A renewed 
investigation of these phenomena in the denervated stomach and duo- 
denum is much to be desired. 

I wish to express my great indebtedness to Prof. Starling for 
endless and suggestions. 


SUMMARY. 


_ Vagi. The vagus contains both motor and inhibitory fibres for the 
stomach musculature, and the influence of these fibres is definite and 
easily demonstrated. Our results agree with those of most previous 
workers, but supplement them in certain details. 

Splanchnics.. On the other hand, as the result of these researches, 
we cannot but conclude that the splanchnic nerves have no direct 
influence whatever, either motor or inhibitory, on the muscular wall of 
this organ. In this latter conclusion we are in opposition, so far as we 
know, to all previous observers. 

Cardiac and pyloric sphincters. The effect of vagus eaten on 
the cardiac and pyloric sphincters is practically the same as on the 
stomach.. First one obtains an onan? effect, followed ineaiee by 
an augmentor effect. 
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ANTIPERISTALSIS AND OTHER MUSCULAR ACTIVI- 
TIES OF THE COLON. By T. R. ELLIOTT, M.A, 
Coutts Trotter Student of Trinity College, Cambridge, AND 
E. BARCLAY-SMITH, M.A. M.D. (Five 
Figures in Text.) | 


(From the Physiological Laboratory, Cambridge.) 


CONTENTS. 


Introduction, nomenclature, and methods, 
The Cat. 

The Rat. | 

Automaticity of the colic movements. 

The Guinea-pig. 

The Rabbit. 


The Dog. 
The Ferret and Hedgehog. 
Summary and application to the human colon. 


INTRODUCTION. 


The simple account of the movement of food through the large 
intestine, namely that it is driven down by a sluggish and intermittent 
peristalsis to be finally expelled after accumulation in the rectum, is 
inadequate since it neglects two structures at the upper end of the colon. 
These are the cecum and the ileo-colic sphincter. 

The cecum is large even in mammals: in birds that live upon green 
food the length of each cxcal recess may be equal to that of the small 
intestine. Plainly these can only be filled by an active reversal of the 
normal direction of the current of food’. The ileo-colic sphincter is not 
comparable with the merely mechanical valves in tubes, but in the cat, 
gilinea-pig, rat, and rabbit*, is a powerful muscular ring which may 
resist or allow flow in either direction. Muscular sphincters are 


* Towards the expenses of this research a grant was received from the Government 
Grant Committee of the Royal Society. 


2 Cp. Barclay-Smith. Proc. Camb. Philosoph. Soc. xu. 1902. 
T. BR. Elliott. This Journal, xxx1. 1904. 
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developed in the hollow viscera of the ody: in response to two needs: 

either to hold up a steadily increasing volume of contents until it be 
convenient to grant them passage, ¢.g. at the exit from the bladder; or, 
as at the cardiac sphincter of the stomach, to prevent regurgitation and 
escape from a chamber in which the material is mixed and squeezed to 
and fro by the rhythmic contractions of the containing walls. There is 
never accumulation of material at the distai end of the small intestine 
or such strong churning movement as would require a powerful 
resistance to escape into the colon. Hence to explain the significance 
of the sphincter one may expect very active movements of the food in 
the proximal part of the colon, akin to those occurring in the stomach. 
Moreover, the presence of the cecum suggests that the main current 
imposed by such hypothetical muscular contractions on the contained 
material will be in a direction the reverse of that which is found in the 
small intestine. 

The possibility of antiperistalsis in the bowel has been long 
debated. The sum of evidence with regard to its being a normal 
phenomenon in the small intestine is certainly negative. On this point 
the arguments produced may be classified as those based : 

(a) on observations of intestinal — under abnormal or patho- 
logical conditions. 

(6) on the results of operative siete of a segment of the intestine. 

Among the first may be quoted the clinical instances of ileus or 
vomiting of material that has returned from parts of the bowel much 
below the stomach: the reaction to abnormal stimulation, eg. by 
crystals of sodium chloride (Nothnagel) or by strong electrical fara- 
disation*. Very many experiments have been made by the second — 
method. These are summarised in a recent paper by Enderlen and 
Hess’, who in the main confirmed Mall’s statement that the reversed 
loop reacts in its original habit to the food entering it, with the result 
that a ballooning of the bowel is caused at the upper plane of junction. 
But they found that in one dog at least the movements were ultimately 
reversed in the reversed loop of jejunum, and food was propelled along 


1 There is no & priori objection to the existence of such antiperistalsis. It occurs in 
the alimentary canal of Invertebrates. Hardy and McDougall (Proc. Camb. Philosoph. 
Soe. vit. 1898) described its action both in the mesenteron and in the proctodwum of the — 
crustacean Daphnia. The movement in the mesenteron had a rhythm of about 30 waves 
a minute and drove food up to the liver diverticula. The waves in the proctodmum were 
of slower and quite separate rhythm. 

2 Buchbinder. Deutsch. Ztschr. f. Chirurg. iv. p. 458. 1900. 

Deutsch. Ztschr. f. Chirurg. Lx. p. 240. 
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the alimentary canal inan orderlymanner. These results of plastic surgery | 
are, however, not very convincing to a positive acceptation of a normal J 
antiperistalsis, for they do little more than demonstrate the adaptability 
of the bowel to new conditions. The same workers transplanted part of 
the small intestine into the colon, and of the colon into the bladder, 
with success. 

To the large intestine a method of investigation, which may be 
regarded as more legitimate since it approximates more closely to normal T 
physiological conditions, has been recently applied by Griitzner'. He 
experimented with enemata, and showed that minute particles of soot, 
lycopodium, etc., thus introduced could eventually be recovered in the 
.stomach, even when care was taken to prevent their re-ingestion through 
E % th. mouth. None the less he, and Nothnagel also, concludes against a 
+. normal recurrent movement. Starling’ too arrives at a similar con- | 

= clusion;. These experiments were performed upon dogs, in which 
X Kop. p. 297) antiperistalsis does not obviously occur. 
Cannon's’ study by the almost ideal form of enquiry with the 
- Béntgen rays, placed the occurrence of antiperistalsis in the colon of 
‘the cac.beyond all doubt. We have endeavoured to confirm his dis- 
covery* by studying its manifestation in other animals, and at the 
same time'\to classify the different movements of the colon in such a ‘ 
oul explain the varying morphological differentiation of that { 


way as W 
part of the; alimentary tube in the various mammals. Such dif- 


ferentiation 


in relation to the habits of diet, and is not necessarily 
in accord 


with their kinship as exhibited by the accepted zoological 


classification’, 
1 Deutsch./Med. Wochenschr. xv. p. 289. 1899. 
Erg d. Physiol. 1902. _ American Journ. Physiol. v1. 1902. 


above was written, our attention has been called by Dr W. E. Dixon to 
Jacobj on colchicum poison (Archiv exp. Path. und Pharm. xxv. 1890). 
ined the movement of the cat’s intestine when immersed in a saline bath : 


ement at least a decade before Cannon. : 

/* Cp. in the order of Cheiroptera the fruit-eating bat, Pteropus Edwardii, with a 
complex stomach and no cecum: the insectivorous Megaderma Spasma, with a simple 
stomach and small cecum: and the blood-sucking Desmodus Rufus, with a minimal > 
stomach but one provided with two exceedingly long cmciform recesses, The best d 
description of the viscera of Mammalia is that by Flower, Medical Times and Gazette, ; 
xLIv and xiv. 1872. 


| graph is reproduced in the paper which shows admirably the appearance of the 
ve waves in the cat’s colon. Jacobj, then, clearly demonstrated this recurrent 


ES 

3 * Since 

@ paper 

3 Jacobj e 

; his accoynt of what was seen in the unpoisoned animal agrees precisely with our obser- 

: vations,/but he adds the further remark that at times the antiperistaltic waves may pass . 
2 

q contingously from the colon back over several centimetres of the ileum. An instantaneous 
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We have therefore studied the colons of carnivorous (cat, dog, ferret, 
and hedgehog), of omnivorous (rat), and of herbivorous (guinea-pig and 
rabbit) mammals. A brief description of the anatomy of each colon, 
with the various movements exhibited by it, is given for each animal in 
turn. Finally we have endeavoured to summarise the results so as to 
exhibit the common plan which has served as the basis of each animal’s 
specialisation ; and to deduce the movements of the human colon. — 


Nomenclature. What follows will show the necessity of considering 
a difference of habitual activity in successive segments of the colon, and — 
for the descriptions of these movements and areas some definite termi- 
nology is necessary. Langley and Anderson simply transfer to the 
cat the nomenclature of the human anatomist, and speak of the ascend- 
ing, transverse, and descending colon. This we are unwilling to do, 
since the correspondent names tend to imply correspondence of function; 
that, for instance, what occurs in the so-called descending colon of the 
cat may be accepted as illustrative of the movements taking place in 
the descending colon of man. It seems preferable to speak of the 
proavmal, intermediate, and distal divisions of the colon, including in 
_ the colon all but the anal canal which is embraced by the sphincter ani. 
These divisions do not rest in the first place on anatomical considera- 
tions, but have reference, as will appear later, to the physiological 
activities characteristically exhibited in each. Consequently in some 
animals, for instance the rat or rabbit, they are clearly demarcated: in 
others again, eg. the cat, they are in part coincident: while in the 
carnivorous dog two sub-divisions are suppressed. 

Though the meaning has been acquired arbitrarily, peristalsis does 
now definitely denote a co-ordinate movement of contraction preceded 
by relaxation of the muscular wall, which steadily propels the mass 
concerned: the’ movements require the aid of nervous machinery. 
Antiperistalsis should be the reversal of this movement by an equally 
co-ordinated action of muscle and nerve. What we describe is a less 
complex activity manifested by the muscle alone. The term then is as 
incorrect as it is cumbrous. None the less we have chosen not to 


attempt to displace it, recognising the plea of usage and the justification _ 


that the current initiated by the movement is opposed in direction to 
that resulting from true peristalsis. 


Methods. The viscera of the animals were directly examined while 
floating in a bath of warm saline solution (‘75°/, NaCl), or in some 
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cases of a Ringer's solution made up according to the old formula with 
NaCl 6*/,, KC1-03%/,, and Ca,(PO,), In every instance the animal 
was anesthetised with ether alone: and in the majority also the spinal 
cord was destroyed from the 5th or 6th thoracic segment to the sacrum 
by passing a probe down the vertebral canal. This precaution, which 
~ was shown by Bayliss and Starling to be necessary for the removal of 
the inhibition exerted by the spinal cord, could not be dispensed with 
in any animal but the cat. Otherwise the colon whenever examined 
showed but little movement, and that of an irregular character. The 
destruction of the cord extended to a level probably much higher than 
was necessary, since the evidence at present obtained suggests that the 
colon is connected with the central nervous system only through the 
lumbar and sacral spinal roots. 

Usually half-an-hour was allowed to elapse after pithing before the 
viscera were exposed in the warm bath; and no observations recorded 
here were made in the case of the smaller animals after an exposure to 
the salt solution extending beyond an hour and a half. | 

Experiments were made to obtain a stimulus which would be 
nearest akin to that naturally evoking intestinal movement in the living 
animal. At first a recording balloon under varying degrees of distension 
was inserted; but that was soon discarded since it was incapable of 
registering the direction of the movements excited, and moreover could 
obviously not be regarded as even approximately reproducing the 
normal stimulus of food entering the large from the small intestine. 
In its stead was ultimately chosen the distension produced by driving 
thick yellow gruel—prepared by mixing pea-flour with water until the 
whole was of precisely the same consistency as that of the food in the 
ileum—through an incision made in the ileum a few centimetres above 
the ileo-colic sphincter. The temperature of the injected material was — 
that of the bath: its reaction neutral: and with it no chemical 
extractives were mixed. As a rule very slight pressure, aided, as it 
usually was, by the active peristaltic movement of the ileum itself, was 
sufficient to discharge the pea-soup through the ileo-colic orifice into the 
colon. The effect of this material on the wall of the bowel could 
probably be attributed to purely mechanical causes, and those in no way 
abnormal, Therefore the distension, while being less capable of locali- 
sation than that by the balloon method, satisfied much more fully than 
it the wish to reproduce the conditions occurring in life. Especially so 
since it had the advantage of being transferred in a natural manner 
from place to place as the contraction of one segment, in response ‘to the 
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stimulus of distension, drove the contained mass to another which might 
in its turn react. In the smaller mammals the movements of the yellow 
paste could be watched through the thin wall of the colon; and in any 
its final position be determined by dissection. Injury to the intestine 
was avoided with all possible care, since the squeezing of any part of 
the colon tended at once to check the activities of all. 

When studying the action of the extrinsic nerves the bath was not 
employed, but the viscera were examined during the time of stimulation 
under cover of warm flannels moistened with normal saline solution, 
while in the interval they were returned to the abdominal cavity and 
the abdominal walls closed. To localise the area controlled by the sacral 
autonomic nerves, the sacral roots were in general stimulated separately 
within the vertebral canal, lest some filaments of the pelvic visceral 
nerves should be lost or injured by dissection within the pelvic basin. 


‘THE CAT. 


There is no differentiation of the circular or longitudinal muscular 
coats in the different parts of the cat’s colon whereby sub-division into 
anatomical regions can be recognised ; and the colon is a uniform tube 
resembling in its general disposition a large note of interrogation ?. 
The cecum, which caps the proximal third of the colon and lies in the 
right iliac region, is very small, generally not exceeding 3:5 cm. in 
length, and its walls are thickly studded with follicles of lymphoid 
tissue. The entire length of the living colon plus cecum is about 
22 cm., though this is reduced to 10 cm. when the tone of the longitu- 
dinal coat is high. 

The disposition of the contents was generally found to agree with 
Cannon's description; that is, those in the proximal third were 
uniformly soft, whereas hard nodules occupied the middle and distal 
divisions. Strong purgation by castor oil succeeded by enemata failed 
to empty the proximal third, though the remainder of the colon could 
by these agents be completely cleared. It is therefore obvious that 
the proximal third is distinct from the rest of the tube. It was over 
this region that Cannon found antiperistalsis to occur, and he definitely 
states that it should in consequence be regarded as a part differentiated 
in the nature of its activity from that following’. The simple method of 
direct inspection suffices for the recognition of the movement. We have — 


Joe, cit. p. 265, 
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- not failed to observe it in a single animal, even when the connections of 


the colon with the central nervous system were left intact. In a typical 
case gradual distension by the injection of paste evokes a succession of 
slowly travelling rings of constriction, which originate at a point about 
7 cm. beyond the cecal apex and, moving at the rate of 1 or 2 mm. 
a second with an interval between their troughs of about 1 cm.’, tend to 
drive the injected material backward into the cecum. The rhythm of 
contraction at any point, as the waves pass it in succession, was found to 
be at the rate of 5 or 6 beats a minute, the same as that already 
determined by Cannon in the colon and also in the stomach of the 
unanesthetised animal. So far as can be judged the successive con- 
tractions affect the circular coat alone, and indeed in this part of the 
colon the longitudinal coat is but thin. The narrowing of calibre caused 
by any moving ring of contraction is from a third to a half. But it is 
of no value to accurately determine any of these quantities with regard 
to the movement of the recurrent wave. The essential point is that the 
movement of the wave is normally backwards: its velocity and ampli- 
tude depend on the irritability of the muscle fibres. In the anzsthetised 
animal this varying factor may be directly influenced by excitation of 
the inhibitory mesenteric or augmentor pelvic visceral nerves. 

The wave is presumably an immediate myogenic response to the 
distension, for it can be observed in an excised colon long after the 
circulation has ceased. Moreover it-is not checked by the injection of 
15 or 20 mgms. nicotine, a quantity which was proved to have paralysed 
the cervical sympathetic and pelvic visceral nerves. Hence it corre- 
sponds to the myogenic churning movements of the small intestine ; and 
not to the true propulsive peristalsis, which has been shown by Bayliss 
and Starling to consist in a complex co-ordination of relaxation and 
constriction by means of a nervous mechanism whose action is paralysed 
by cocaine or nicotine. | 

In the majority of instances distension of the colon at any point in 
the middle or lower third does not elicit the recurrent wave but, if it has 
any effect at all, the co-ordinated propulsive peristalsis. None the less 
the capacity of antiperistalsis is inherent throughout the length of the 
colon: it may be exhibited in the distal third behind the bladder as 
powerfully as in the proximal division, and indeed in some experiments 
we have seen two or three distended areas at different levels of the colon 
each involved by their own series of antiperistaltic waves, and separated 


1 Op. photograph in Ja cobj’s paper, loc. cit. 
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by intervals of apparently quiescent muscle. The widened extent of the 
movement is most obvious in an animal that has been deprived of food 
for 2 or 3 days. This is illustrated well by the details of an experiment 
made under somewhat abnormal conditions, and before the adoption of 
the routine method of examination described above. 


Jan. 31, 1903. Cat, without food since Jan. 28, On Jan. 29 received 2 grains of 
calomel. 

Etherised. Viscera exposed in saline bath at 39°. The appearance of the colon is 
represented in Fig.1. The cecum and half of the proximal colon contained only gas ; 
the rest was practically empty. No movements were seen in any part. $ 


Level of Felvichrim- 


Fig. 1. From cat of Jan. 31, 1903. Sketched shortly after exposing viscera in saline 
bath. Oxcum and part of proximal colon distended with gas: rest of colon was in 
high tonic contraction, and empty save at the two points indicated by the puckering 
of the tube, 
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3.30. A small volume of air was introduced per anum so as to distend the colon behind 
the bladder. Slow waves of antiperistalsis at once commenced from the lower or anal 
limit of the distended area, moved over it with a velocity of 6cm, a minute, and died 
away at its upper border: thereby the bubble of air, which extended over 5cm., was 
slowly carried upwards to the c#cum at the rate of about 1 em. in 3°5 minutes. In 
the van of the bubble was seen no anticipatory relaxation, and immediately below 
that part of the tube, which the bubble had just traversed, returned to its previous 
condition of steady high tone. The cweum remained distended and quiet. Cp. 
Fig. 2. | 


brim. 


Fig. 2. From same cat as Fig. 1, but about half-an-hour later. Length of colon 
practically unaltered. Bubble of air, cp. description in text, had been carried up 
a considerable distance: cmcum still quiescent. Driving waves of antiperistalsis 
over bubble of air in full activity, their direction being indicated by the arrow, but 
their magnitude somewhat lessened in the sketch. : 


4.20. Bubble of alr now faced with gas in emcum, over which waves of Sod 
antiperistalsis 
5.5. Inflate whole of colon to moderate degree with air by syringe. This caused 
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‘ -finereased ‘antiperistalsis of the proximal third, and true peristalsis in the distal 
third, where a deep ring of constriction appeared and slowly moving downward 
expelled the air. 

5.15. Distal third well contracted and almost ‘empty. Exceedingly powerful ‘anti. 
péristalsis over the proximal 120m., driving air through the relaxed sphincter into 
theileam. (Cp. Cannon, loc. cit. p, 274.) 

5.45. Destroy spinal cord from mid-thoracic region to coceyx. 

6.26. Push mags of vaselined cotton-wool up anus. Immediate relaxation of distal third 
of colon: above this appeared a ring of constriction of 1 cm. breadth, which slowly — 
passed downwards and expelled the wool. From the upper limit of the ring originated 
the usual waves of antiperistalsis. 

Throughout the antiperistalsis in the proximal third of the colon, which still contained 
ring of contraction. 


_» These results indicate the possibility of the regressive movement 
arising in any part of the colon. Yet as a'rule that possibility is masked 
in all but the proximal third. Distension in the middle third, by 
inflation of a rubber balloon after destruction of the spinal cord, 
normally excites constriction above the distended area and relaxation 
below, these conditions co-operating to drive the balloon downward. 
Yet this upper moving ring of contraction always serves as a starting- 
point of the recurrent rings of antiperistalsis. 

Two intrinsic activities of the cat’s colon must therefore be re- 

1. A myogenic antiperistalsis which is characteristically exhibited 
in the proximal third of the colon—the region that cannot be evacuated 
by purgation, and is always occupied by material of uniformly soft or 
- semi-fluid consistency—but may arise at any point. 
2. The propulsive peristalsis of Bayliss and Starling, which is 

generally the reaction to distension of the lower half of the colon. | 


Eatrinsic innervation. Some points may be noted as supplementary 
of the account by Langley and Anderson’. Stimulation of the 
inferior mesenteric nerves causes relaxation of the whole of the colon. 
Hence the rhythm of antiperistalsis is checked by them. The rings of 
contraction are first arrested from movement, and then disappear. The 
movement commences again about two minutes after an effective 
stimulation of the nerves. 

The action of the pelvic visceral nerves (nervi erigentes of sacral root 
origin) is rather more complex. They were not seen to affect the small 
cecum. seaeitetion of them with a weak. tetanising current increases 


2 This Journal, p. 92. 18965. 
PH. XXXI. 19 
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the tone of the musculature, so that, though the circular and longitudinal 
coats may not contract obviously, the waves of antiperistalsis become 
much deeper and more rapid: the response being, if illustrated by 
‘comparison with that to the cardiac accelerators, an augmentation and 
acceleration of beat with increase of systolic tone. Stronger stimula- 
tion produces the result described in the subjoined protocol, which 
is one chosen from those of four experiments, all yielding identical 


Jan. 80, 1904. Cat. 

2.20. Ether. Destroy cord from the 7th thoracic segment. 3 

Shielded electrodes placed on both pelvic visceral nerves immediately at their origin 

from the sacral plexus, by a dissection between the tail and anus which, after cutting 

across the recto-coccygeus, opened the space between the rectum and the caudo-coccygeal 
muscles. This method renders it possible to excite at once all the sacral nerves to 
the colon efficiently and satisfactorily. 

3.0. Open abdomen: viscera examined under warm and moist flannels, Colon throughout 

flaccid and distended with gas. | 

8.4. Stimulate both pelvics; secondary coil at 18 cm., one Daniell cell, just perceptible to 

tongue. 

Results. Bladder contracts slightly. | Eo 

Colon does not shorten, but contracts slightly in middle third, and from this at 
once fairly deep waves of antiperistalsis commence to run over the previously 
quiescent colon. 

Later. Stimulate both pelvics for 60 seconds, coil at 8°5 cm., bearable by tongue. 

- Results. At once the bladder and distal colon contract strongly, so that the colon is 
pulled down into the pelvis; meantime the rest of the colon remains relaxed, 
although the physical tension of its walls is increased by the pressure due to the 
contraction of the distal part. | | 

About the 20th second the colon begins to constrict ata point some 8 cm. below the 

_ @eal apex, and the constriction extends downward so that at 40 sec. the middle 
and distal colon are both narrowed to a hard bloodless rod. 

Antiperistalsis markedly augmented in the proximal colon, which is much distended 
as the result of the contraction below. 

It seemed possible that the delayed contraction of the circular coat in the middle colon 
might be only a secondary effect of pelvic nerve stimulation, and directly due to 
increase of intra-colic tension. To test this, the middle colon was split open 

__ longitudinally for several centimetres, and its mucous membrane cleaned. 

Half-an-hour later stim. both pelvics for 60 seconds, coil at 8 om. 

Results. Rapid longitudinal shortening of the distal half of the colon. 

At 35 sec. a circular constriction appeared 8 cm. above the wound and spread 
upward and downward, but did not involve the cwcum nor the opened wall of the 

‘wounded area. 

Antiperistalsis could be seen in proximal area even when contracted. 


The main points then are : 
(1) the sacral nerves do not affect the cecum, and in general 
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cause no change in the proximal region of auitiperiatalsis, except that 
they increase the power of that movement. 

(2) their stimulation produces rapid shortening of the distal half 
of the colon, followed much later by a contraction of the circular coat 
which originates at the lower limit of the area of antiperistalsis and 
spreading downward empties the area concerned. 

_ We did not examine the natural evacuation of the colon: but the 
results of electrical.excitation of these nerves do agree very completely 
with the movements of defecation described by Cannon’. The delayed 
strong constriction of the tube, extending to the anus from its high 
origin, is especially to be emphasised. 


THE RAT. 


Perhaps the arrangement in this animal is more instructive than in 
any other. The rat is omnivorous, and consequently its colon, although 
adapted to the digestion of a vegetable diet, is less complex than that of 
a pure herbivore and may be taken as a type on which to base an 
analysis of the latter. Though relatively more elongated than the colon 
of the cat, it has acquired no secondary curvatures and simply presents 
the note of interrogation outline. The cecum is fairly large and strong- 
walled. Although there is no manifest differentiation of its muscular 
coats, the colon is divided into three regions whose mechanical activities 
are fairly well distinguished. These are: 

(1) the proximal region of antiperistalsis. Here the mucous 
membrane is thrown up into parallel absorbent folds projecting slightly 
into the lumen, which run from the mesenteric attachment obliquely to 
the long axis of tube and do not quite meet one another. Blood-vessels 
anastomose along them, though the chief vessels lie at right angles to 
the axis of the viscus. The folds give to this part of the colon the 
appearance of an oblique striation. 

(2) the intermediate colon, in which fecal nodules of a hard 
consistency first occur. 

(3) the distal colon, also occupied by hard nodules, but distinguished 
in that it alone is capable of evacuation by the sacral visceral nerves. 

The laboratory record of an experiment may be transcribed to show 
in detail the nature of the play between cecum and proximal colon, 
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March 95, 1908. Rat ansisthetised with ether. 
12.15, Cord destroyed from 7th thoracic segment to end. ~ 


1 


2.25., Open abdomen in salt bath at 39°C. Viscera all quiescent. Open ileum about 


lem. above the sphincter, and inject with glass syringe about 8c.c. thick pea-soup : 


‘9 basal part of cmcum and 8 or 4cm. of colon were distended by the injection. For 


about 8 minutes the load was endured passively; then weak antiperistaltic waves 
commenced to pass rapidly over the obliquely striated colon, a distance of 4mm. 
intervening between each. These started from a point 4:5 cm. below the c#cum, and 
diminished in intensity until they reached an area immediately opposite to the ileo- 


-’ ‘golic sphincter, when their power was markedly augmented. Thereby material was 
- visibly propelled into the cacum. 


Fig. 8, Sketch from rat of March 25, 1908, showing cecum and proximal colon at 12.35 


p.m. shortly after the first injection of pea-soup. The cecum is commencing to 


_ discharge in response to its distension by the antiperistaltic waves. These passed 


upward from a stationary constriction at 2, which marked the distal limit of the 
proximal colon, The oblique striation of the proximal colon is not indicated. 


Almost immediately a deep constriction appeared halving the cacum: from this 
half-way point the constriction moved down and, becoming shallower, disappeared 
opposite to the entrance of the ileum. Successive slow waves of this character 
endeavoured to drive food downwards out of the cecum. Meanwhile rippling waves 
of antiperistalsis continued to pass over the colon in antagonism to the deeper and 
slower motion of the cecal wall, This phase is represented in the sketch, Fig. 3. 
The repellent movements of the colon showed a remarkable periodicity, activity 
alternating with complete quiescence’. Finally the cwctim desisted from the struggle, 


and antiperistalsis continued to drive soup into the quiet receptacle. ‘The waves were 


not so powerful as to drive the material up at once—their action was rather that of a 


_ gentle manipulation than forcible squeezing. 


The soup now extended for 7 cm. down the colon: antiperistalsis commenced from 
& point Sem. down, where # deep constriction (marked by # in Fig, 8) formed and 


1 Op. Gannon, loc. cit. p. 265. 
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| up. The downward waves were slow, ill-marked, and proceeded but a few millimetres, 
1 0. Close abdomen by clamps, after draining off salt solution. 

1.80. Open again. Soup had by now been driven half way down the distal colon. Caecum 
much less distended and quiet: slight and not very obvious antiperistalsis over the 
proximal colon, | 

1.45... Inject about 4 ¢.c, soup into ileum as before. Delay and then response again precisely 
as described above. Deep, slowly moving waves in cecum descend even from apex: | 
these conflict with the rippling antiperistalsis of the colon. Also segmentation now 
occurs at various points along the proximal colon, and from each of these rings 


recurrent waves pass upward, while the segmented mass is by true peristalsis pushed 
downward, | 

2.15. Antiperistalsis now rarely seen : only the peristaltic constrictions of the colon steadily 
driving the food onwards, and occasionally aided by a big contraction of the c#cum. 
_ Evacuation is now the supreme movement. Ileo-colic 
‘competent and closed. 


__. These observations show that the alternating movements of cecum — 
and obliquely striated colon must cause the material that has entered 
from the ileum to be continuously moved to and fro over the absorbent 
folds of the colic mucous membrane and thoroughly churned’. 
As in the cat, the recurrent wave is myogenic and myodromic: it is 
not checked by the injection of large doses of nicotine. 
But the proximal, in common with the whole length of the colon, 
also exhibits the co-ordinated peristalsis, whereby a nodular mass may 
be driven down by a moving ring of constriction the propulsive action 
of which is facilitated by preceding inhibition. As a rule this is only 
evidenced at the anal limit of the proximal colon, from the contents of 
which a fraction is every now and then nipped off by a ring of con- 
striction and then carried away to be moulded in its further passage 
down the colon to a hard fecal nodule. But when the contents of the 


_ ¢xecum are stiff and dry, antiperistalsis may be completely in abeyance ; 


and then constrictions of the cecum successively cut off nodules which 
aré slowly transmitted down the proximal colon and away by the 
eustomary co-ordinated. peristalsis. . 

Eatrinsic innervation, Stimulation of the inferior nerves 
relaxes czecum as well as colon. 

The region controlled by the sacral roots constitutes what we term 
the distal colon. It extends from the lower edge of the left kidney to 
the anal canal. Above this limit can be seen no suspicion of reaction 


possess & conical cecum 6 inches in length and so thick-walled as to resemble a heart. 


The anatomical description suggests an exceedingly strong development of the to and fro 
movement of food between cecum and colon described above for the rat. 
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to sacral stimulation: the caecum does not move: antiperistalsis in the | 
proximal colon is entirely unchanged: and propulsive peristalsis in the 
intermediate colon is neither aided nor hindered. 

The contraction effected is almost entirely of the circular coat and 
‘not accompanied by any shortening or dragging down of the colon © 
into the pelvis. With a latent period of 10 or 15 seconds (coil at 
85 cm.) a maximal constriction appears at the lower level of the 
kidney—this spot being constant and bearing no relation to contained 
nodules—and then quickly extends over the whole of the distal colon, 
_reducing it all to a tense cord. The response is strong, but much more 
easily fatigued than in the cat. 

The spinal roots from which it was obtained were the 6th and 7th 
lumbar. Stimulation of either of these nerves resulted in a marked 
contraction of the bladder, whereas the colon was affected chiefly by the 
7th. The complete constriction was never obtained from the 6th, but 
merely a varying contraction somewhat below the level of the kidney. 
The evidence did not support the view of a successive segmental 
innervation. 

Using the nomenclature of broad we have 
_ described these effects as those of sacral root excitation. However by 
strict anatomy the “sacral autonomic nerves” run in the lumbar roots- 
The rat has 13 thoracic, 7 lumbar, and 2 sacral vertebra. Its lumbo- 
sacral plexus is of so anterior a type that the great sciatic nerve is 
derived from the 8rd to the 6th lumbar roots. And in accordance with — 
rule the pelvic visceral nerves are contained in the roots immediately 
caudal to those of the limb nerves, that is in the 6th and 7th lumbar. 

Automaticity of the colic movements. As in the small intestine the 
two movements of antiperistalsis and propulsive peristalsis are best 
manifested after destruction of the spinal cord. Bayliss and Starling’ 
have argued that the correspondent movements in the small intestine 
are entirely autochthonous: the segmenting movement, which corre- 
sponds to the antiperistalsis of the culon, being independent of nervous 
control, born in and of muscle cells purely; and the peristalsis guided 
by the local machinery in the wall of the bowel. Magnus? agrees with 
this generalisation that the local nervous machinery suffices for all 
explanation, and differs only in samending that. nervous activity be 
recognised also for the so-called “myogenic” rhythm. 

_ These movements are in the proximal and intermediate colon 


1 This Journal, xxrv, p. 115. 1899. 
Phliiger's Archiv, om. p. 128, 1904, 
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governed from the 0.N.8. perhaps only by inhibitory nerves. It seemed, 


therefore, to be a probable deduction from the doctrine of local reflexes 
that the destruction of the c.N.s. ties would eventuate in an ears 
activity of the local machinery. We found the reverse. _ | 

Two rats were examined in order to elucidate this question. In the 
first the whole of the spinal cord below the 9th thoracic segment was 
destroyed. The animal recovered quickly. Nine days later its viscera 
were examined in the warm saline bath. Though the small intestine 
was almost empty, the cecum and proximal colon contained much 
material, which moreover extended without interruption through tbe 
patulous ileo-colic sphincter into the last few centimetres of the ileum. 
The distal colon was atonic, and the nodules loading it were impacted 
transversely across the tube. Throughout the examination no movement 
was ever observed in the distal colon. The proximal colon at times 
exhibited feeble antiperistalsis; the ex#cum never showed expelling 
movements of normal power. In sum the reaction of cecal evacuation 
and recurrent response from the obliquely striated colon was only feebly 
obtained. This part then was semi-paralysed: the distal colon com- 
pletely. 

The paralysis might ~ explained by delayed recovery from the 
shock of operation. That interpretation is, however, hardly admissible 
in the second instance. Here the cord was, as proved post mortem, 
completely destroyed below the 9th segment. The spinal origin of the 
sympathetic visceral nerves has not been determined in the rat. 
Analogy with the cat, based on the fact that the pelvic visceral nerves — 
arise 3 roots higher up in the rat than in the cat, suggests that the 
lowermost limit of the spinal roots supplying fibres to the solar ganglia 
and the small intestine would be the 11th thoracic. This segment and 
that immediately above were destroyed, so that not only was the part of 
the central nervous system directly connected with the colon removed, 
but also that controlling the sphincter at the lower limit of the small 
intestine. 

The muscles. closing the anal and vaginal orifices quickly regained a 


_ high tone; and the condition of the animal was excellent. Though the 


bladder senuired attention, the excretion of feces seemed to be quite 
satisfactory. Application of cold water to the anus produced no 
response; but the irritation of the anal mucous membrane by the 
insertion for 4 or 5 minutes of a cone of soap did always evoke a 
discharge of several nodules in succession. This reflex discharge did not 
empty the distal colon, for nodules could always be discerned by palpa- 
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tion. through the wasted abdominal wall. The end of the reflex was 
marked: by the blanching of the rectal mucous membrane, which had 
responded to the irritation of the soap with obvious Gusting, and also by 
the closure of the anal. orifice. | 
At the end of the sixth week the of the was 
The disposition of the contents was abnormal, and suggestive of a 
sluggish intestine. Though the rat had not been fed for the last 24 
hours, its cecum was full with material that extended into the lowest 
3 inches of the ileum through the relaxed ileo-colic sphincter. A large 
soft mass occupied the proximal colon, where such would assuredly never 
have been found in a normal animal: and the hardening nodules 1 in the 
distal colon were irregularly piled on the top of one another. 

At no time were any movements seen in the intermediate and distal 
colon. Antiperistalsis was once noticed in the proximal colon. The 
caecum was the only decidedly active part, yet even its activity was 
weak. Not once was it seized by the deep blanching constrictions that 
occur in the normal animal. Those seen were of slow and oscillatory 
development, of shallow and irregular extent. The distal colon had lost 
its pre-ganglionic constrictor fibres: the whole its pre-ganglionic in- 
hibitory and central sensory nerves. The ganglia of the autonomic 
visceral nerves, and those of the plexuses in the intestinal wall remained. 
They would not atrophy’, and indeed their activity might have been 
expected to be the greater. Yet the movements observed—under light 
ether anwsthesia—were utterly incoordinated and very weak. 

A similar experiment on the rabbit may be quoted in this connection. ; 


_ The abdomen was opened, and the following nerves removed : the pelvic 


visceral together with the small strand running up in the mesentery 
from the sacral colonic nerves, the hypogastric, the colonic and all 
strands in connection with the inferior mesenteric ganglia including 
those passing to and from the cceliac plexus. Subsequently the animal 
lost flesh and, though always hungry and active, became thin. Food, as 
tested by the administration with it of coloured beads (cp. p. 298), passed 
more rapidly than usual through the alimentary tract. The nodules 
excreted were of a normal type. Six weeks after the. removal of the 
nerves the viscera were examined. : 

The movements of the cecum and proximal colon are not elicited 
with uniform certainty in the rabbit, so that it is needless to record 


what experimental examination revealed in them. But the —s 


1 Op. Anderson. ‘This Journal, xxv. 509. 1902.” 
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colon was filled with an almost continuous column of fieces: when these 


were removed, and the reaction of the bowel to local distension by 
pea-soup determined, it was found that the muscle responded sluggishly 
and irregularly. In place of the active peristalsis, with a clear and 
sharp ring of constriction above the distended area, arose an ill-defined 
constriction of wide extent which, though clumsily, did succeed in 
expelling the material. 

These experiments are not very illuminating; but they do deny an 
assumption that might fairly be drawn from the work of Golz, and 
Ewald’, and especially of Bayliss and Starling. The conclusion to 
which the experiments point is, in brief, that decentralisation of the 
bowel tends either to an incoordination of its activities and a loss of 
tone of its plain ae Saeiarin or to an exaggerated sensitiveness of the 
same to ether*, 


THE GUINEA-PIG. 


_ In the herbivorous mammal either the stomach or the colon is the 
chief seat of exaggerated differentiation for the purpose of dealing with 
green food. Examples of opposite conditions are to be found in the 
horse and the hippopotamus, or the sloth and the koala. The guinea-pig 
exhibits a simple stomach, but a fairly complex colon. Its cecum is 
large, and sacculated by a differentiation of the longitudinal coat into 
three bands.. Each of the three sub-divisions of the colon has elongated 
with the formation of secondary loops; but the proximal colon is the 
most enlarged and differentiated of all. It is capacious and never 
empty. Longitudinal muscle clothes only two-thirds of its circum- 
ference, but that with a very thick sheet. Embraced in the concavity 
of this Jacket of longitudinal muscle is the tube of circular muscle, 
which is consequently thrown into numerous sacculations. At the 
point where the proximal passes into the intermediate colon, the 
longitudinal muscle expands outwards so as to invest the entire tube 
uniformly ; and it is here that the first hardening fecal nodules are to 
be found. The intermediate colon is thrown into two secondary loops: } 
the distal colon exhibits one large secondary loop, which from its 
situation may be named the hypogastric. sketch of. colon, 4. 


1896. 
_ * Op. Merzbacher, on Pfiiiger’s 
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In this the secondary loops of the intermediate colon are made unduly 


small) 


Fig. 4. Slightly diagrammatised representation of the colon and eacum of iia 


The cmcum is embraced in the concavity of the loop described by the proximal colon. 
Note the specialised structure and large size of the proximal colon: the thick 
longitudinal coat on its convexity, and the numerous sacculi in the concavity of the 
- curve. Waves of antiperistalsis are not indicated. The distal colon commences at 
_ the point 2, at the proximal limit of the hypogastric loop. 


Consideration of the viscera shows that the chief enlargement is not 
of the cecum but of the proximal colon, which has swung over from the 
right flank so as to occupy the middle of the abdomen, and embrace the 
cecum whose apex now points headwards. Big absorbent flaps of 
mucous membrane project into the interior of the cecum, and of these. 
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the last is so disposed as to form a definite valve between the cecum 
and proximal colon, a valve which can resist a pressure of several inches 
of water seeking exit to the colon, but yields readily to fluid moving 
with the current of antiperistalsis. The ileum opens into the cecum 
above this valve. It is obvious that pea-soup injected from the ileum 
must pass into the cecum and not into the proximal colon. At a 
varying limit of distension the cecum is partly emptied by a shortening 
of its three longitudinal bands, and some of its contents forced into the 
proximal colon past the flap, which is now “relatively insufficient” to 
block the distended tube. The cecal discharge is succeeded by anti- 
peristalsis of the circular coat of the proximal colon, waves of constriction 
rippling along at a rapid rate of nearly 13cm. a minute. After some 
give and take between cecum and colon antiperistalsis ceases, and each 
sacculus of the distended colon becomes the seat of swaying oscillations 
that churn the material to and fro. The longitudinal bands of the 
cecum are, in contrast with the manner of cecal discharge in the rat, 
the chief agents of its evacuation. The contraction of the longitudinal 
sheet of the proximal colon was never observed in relation to any colic 
movement. Perhaps it is used when it is necessary to short-circuit the 


‘ passage of food, and to prevent its delay in the churning area of the 


proximal colon. 

The normal movement throughout the rest of the colon is that of a 
co-ordinated peristalsis. 

The first three sacral spinal soci control the distal sien, whose 
reaction indicates a distinct innervation in series by the roots’. Stimu- 
lation of the first sacral brings about constriction of the hypogastric loop 
at the upper limit of this sub-division of the colon: the second produces 
the same effect. with a further extension down the straight descending 
tube to a point some distance below the kidney: and the third causes 
a moderate longitudinal contraction of the last 7 cm. which is followed 
at about the 20th second by constriction of the tube from the level of 
the kidney to the anus, while the hypogastric loop is quite unaffected. 


THE RABBIT. 


The commplaxity of the rabbit's colon is due to the overgrowth of its 
cecum, which has attained a length’ of half a metre. Unable to 


develope in the recess of the right flank, the cecum has gradually 


1 Op. Langley and cabicidhss on n the rabbit, . This Journal, x xvur. p. 90. 1895. 
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elongated and, coiling to a spiral with rather more than one complete 
revolution, dropped into the middle of the abdomen. Ileum and proximal 
colon have both been carried round in the rotatory overgrowth of the 
cecum. The only other enlargement of the colon is that by the 
formation of one short secondary loop of the intermediate colon dipping 
down behind the caecum. Projecting into the interior of the cecum 
along its entire length is a spiral ledge composed of all the constituents 
of the cxcal wall. Its histological structure suggests a purely absorptive 
function, though Ellenberger' ascribes a secretory function to it in the 
horse. We have no evidence with regard to the nature of the enormous 
development of lymphoid glands at the entrance of the ileum into the 
cecum (sacculus rotundus) and at the cacal apex (lymphoid appendix). 
During active digestion when all the lacteals are full of white chyle, no 
such white channels can be seen in relation to either of these lymphoid 
areas, 

The proximal is that generally described as the sacculated colon. 
Three strong longitudinal-bands extend throughout its entire length and 
pucker up the tube into numerous sacculated chambers. We have had 
difficulty in exciting any response indicative of the normal current of 
food between cacum and sacculated colon. Antiperistalsis may be 
occasionally seen in the latter, but the activity of the circular muscle 
seems to be in the main confined to a continual churning of the contents 
of each sacculated chamber. At intervals the longitudinal bands 
contract and drive most of the churned material backwards into the 


erecum. The end of the column of food is repeatedly cut off by 


constrictions which arise and persist at the distal end of this region, so 
forming the fecal nodule that is then with intermittent action carried 
slowly away down the rest of the colon. The whole process is fairly 
illustrated in the following experiment. 


' Rabbit, Starved for two days and then fed for six days with only bread, milk, and 
water. In the often quoted experiments of V. Knierem? on the importance of cellulose, 
a diet of milk alone killed the rabbit at the end of a month. The rabbit in our experiment 
showed no external signs of ill-health. : 
2.15 p.m. Ether. Destroy spinal cord from 7th thoracic segment to coccyx. 
2.35. Open abdomen under hot flannels: cecum filled to distension with gas and food, 
ee First observations made without touching the viscera 
2.42, Strong contraction of the cecum, the spiral lines that mark the attachment of 
interior folds and the intermediate areas contracting 


Arch, wiss. u. prakt. Tierheilkund, x. 1884. 
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so as to distend the sacculated colon. The lymphoid appendix could not be seen. 
Immediately the sacculated colon responded by a general strong contraction which 
drove the material back again: some remained, to be subjected to churning move- 
ments, which were in the main confined to each sacculus, though the general trend 
established was regressive. The longitudinal tenim did not seem to take part in 
in power. | 

2.52. Close abdomen. 

8.15. Again examine. Cwmcal discharge repeated, sind suddenly filléd the setoulated colon 
which responded powerfully as before : the entire series of phenomena recurred twice 
in three minutes. The large proportion of gas in the contents made the distension of 
a distant part, due to expelling contraction in a near, very rapid; while at the same 
time its elusive nature rendered it impossible for the muscles to move it definitely and 
finally in one direction. 

8.26. Handle viscera. Movements still continued, te the 

It is to be noted that, despite the great intra-colic pressure, the ileo-colic sphincter 
always resisted passage into the small intestine. The cecum of the rabbit is emptied, 
not as in the guinea-pig by the contraction of special longitudinal bands of muscle, but 
by @ successive contraction of the entire cecal wall moving from apex downwards. 
The condition of flatulence was abnormal. With this exception we have not seen the 
cxcum contract in its entirety in the rabbit. 


- Farther indication of the normal current of food was obtained as 
follows. On four successive days a rabbit received 100 coloured glass 
beads in gelatine capsules. Each day the excreted beads were 
enumerated : and finally the animal was suddenly killed by dislocation — 
of the neck, its intestine rapidly excised, cut into segments, washed, 
and the beads in each counted. The beads were smooth, and so small 
that the consideration of a specific response to their mechanical stimu- 
lation may perhaps be legitimately neglected. Certainly beads chosen 
of differing sizes did not move in different paths or differing times. We 
were not sufficiently interested in the question of the rabbit’s digestion 
to make a detailed study of the movements upon various diets. gs 
the following results seemed to be fairly definite. 

The movements of food are dependent on a tolerable initio of 
distension of stomach and cecum, to obtain which the animal will 
within a few hours of the withholding of food commence to devour its — 
own excreta’. 


- 1 Swirski, Arch. Exp. Path. u. Pharm. 1902, gives a very detailed analysis of the 
contents of the various parts of the rabbit’s alimentary canal during hunger. Seven days’ 
starvation without a muzzle hardly affects the contents of the cecum, though lessening 
those of the stomach. After an equal interval with the muzzle stomach and cacum are 
alike emptied. The emptying of the cecum proves that the stimulus to its contraction is 
provided by the nature of its contents as well as by the absolute state of distension. We 
have instanced evidence on the same point for the rat (p. 285). 
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.. The stomach never being emptied, some of the food is long retained 
in it; for instance 54 hours after ingestion 20°/, of the beads may still 
remain there, and 10°/, after 102 hours. The solid character of the 
beads does not enforce an unnaturally long delay, for oat grains and 
pieces of cabbage stalk pass the pyloric sphincter. Still the food in the 
direct current moves with considerable rapidity. Six hours after 
ingestion 10°/, of the beads may be lodged in the apical half of the 
cecum, and some may even have reached the lymphoid appendix. In 
the same interval another 10°/, may have got past the whirlpool of the 
sacculated colon and cx#cum, and be moving quietly down the inter- 
mediate colon. 20°/, may be in the sacculated colon and basal half of 
the cecum; while 10°/, are passing down the small intestine, and the 
residuum still lie in the stomach. None are excreted in 6 hours: but 
at the expiration of 24 hours 20°/, have on the average reappeared. In 

some cases, and those not of diarrhowa, the excretion may rise to 50 or 
in 24 hours. 

The beads that pass far up the cecum tend to stay there for some 
time and accumulate. In one experiment, out of 115 beads in the entire 
cecum 69 were assembled in the narrow tube of the appendix. These 
had accumulated progressively, there being 5 °/, of the 30 hour beads, 12°/, 
of the 54 hour, and nearly 30°/, of those that had been swallowed 78 
hours previously. Such an instance was quite exceptional ; but it agreed 
_ with the impression that food once driven up to the apex of the cecum 

did not readily return, but that almost the whole of it could be there 
absorbed, leaving merely the beads as somewhat too difficult for a 
herbivore. 

_ . A table is given in illustration from a very normal rabbit that was 
fed on bran, oats, and water, with just an occasional leaf of dandelion. 
Excretion during the experiment was regular and normal. 


1908. March 3. At 9 a.m. received 100 blue beads. 


‘i 100 red beads. 

” 6. ” ” 100 white beads. 
» ” 100 pink beads. 


At 8 p.m., that is 6 hours after the last administration of beads, the rabbit was killed 
and dissected. . | 
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Beads... .. blue red black white pink 
March 4. ic. 24hours .. .. 2 
» % By8p.m.whenkiled.. 2 7 10 4 
Dissection : ic 102 & 6 hours 
Sacculated colon 8 3) = 10 
Basal half of cecum .... 2 3 1 2 8) = 16 
Apical half of cecum ... 3 1 qT 8 9 =17 
Lymphoid appendix... 4 4 4 4 
Intermediate colon... 2 3 5 8. 
Distal colon... 4 3 5 


Total 97 98 95 98 100 

Our opinion is therefore that the cecum is in the rabbit chiefly a 
large and somewhat passive reservoir, that feeds the active churning and 
mashing apparatus of the sacculated or proximal colon’. ‘Absorption 
takes place in it continuously, and its contents are always kept fluid, 
being in the path of the water circulation between it and the small 
intestine that is so essential to digestion of vegetable food*. 

The cecum, then, will not be essential to digestion. We have 
removed it, and noted no great change in digestive activity, beyond the 
fact that by a heightened tone of the sacculated colon the fecal nodules 
formed were of an extremely small size. Bergman and Hultgren’ 
have studied the metabolism of a rabbit deprived of its cecum, and 
found that the exclusion does not lessen its power to absorb any 
particular foodstuff. But the animal then consumes a much smaller 
quantity of food and, its nutritive intake being greatly es lives 

a less energetic life‘. 


Win cents at Moore ond Rockwood (this Journal, 1897) on the reaction of 
the intestinal contents harmonise with this view. They found the rabbit’s cmcum to be 
generally acid, in contrast to the rest of the colon and the small intestine. Rats on the 
contrary, in which we found the cacum and proximal colon to be continually interchanging 
contents, always exhibited a like reaction, whether acid or alkaline, in cecum and colon. 
lated from what point in the colon the material for examination 
was taken. 

* Cp. Ellenberger, loc. cit. 

Skan. Arch. Physiol. 1908. 

* Marcacei (It significato fisiologico dell’ intestino cieco, 1885) on the other hand 
states that as the result of extirpation diarrhoa ensued, when the animals were allowed 
to drink freely, with the appearance of sugar and peptones in the excreta. mn 
Fisiologia di L. Luciani, p. 855, vol. 1. . 
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At the end of the sacculated, or proximal, colon the fecal nodules 
are shaped; and thenceforward the movements are simply those of 
propulsive peristalsis. These can, however, rarely’be seen unless, as 
recommended by Bayliss and Starling’ either thé sympathetic nerves 
have been cut or the cord destroyed. 

The distal colon, 1.e. that part which is aie control of the sacral 
nerves, is the straight tube running.from the flexure just. above the left 
kidney to the anus. The spinal roots, which carry: visceral nerve-fibres 
to it, are, as stated by Langley and Anderson, the 3rd and 4th sacral. 
Their excitation causes quick shortening of the last. few centimetres and 
then a constriction that commences. above from the point named and 
spreads downward’. Bayliss and Starling’ state that “stimulation of 
the pelvic visceral nerve causes in the rabbit contraction of the whole of 
the colon.” Presumably this refers to the colon in breadth rather than 
in length. Both coats contract in the distal colon: there is no change 
whatsoever in the proximal or intermediate colon above the point named 
by us, that is near the upper border of the left kidney. | 


THE DOG. 


The wee) is short and clothed throughout with a thick sheet of 
lonpleeintl: muscle, The communication between ileum and colon is 
in the form of a continuous tube and not of the usual type, namely that 
of an evaginated orifice. Immediately below the constriction of the 
ileo-colic sphincter lies the narrow orifice of the cecum. The cecum is 
bent upon itself in an S shape ané¢ is evidently a retrogressive structure 
(cp. Fig. 5). This is evidenced by its being relatively much larger in 
the foetal dog, and very variable in the adult. Consequently the rela- 
tions of ileum and cecum to proximal colon are precisely the reverse of 
those found in the guinea-pig and rat. Whereas in the latter the lumen 
of the cecum is large and in the freest communication with the proximal 


1 Phe distal colon is almost inexeitable by faredisation, whereas the small intestine is 
readily and strongly constricted, Another fact of interest is that when the mechanical 
increase of tension in the sacculated colon, which affects chiefly the circular coat, causes 
that to contract, the contraction does not spread to the longitudinal coat; that when the 
longitudinal bands do react to distension each contracts as-a whole; and yet that the 
response of the circular and longitudinal coats to electrical faradisation is equally-developed 
around the area excited. The-contraction, after cessation of the stimulus, spreads equally 
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colon, ‘the. ileum ‘joining’ at an acute angle and through an orifice 
guarded by a strongly developed sphincter ; in the former it is the 
communication of ileum with colon that is wide, and the cecum is 
a lateral appendage quite out of the direct line of intestinal movement. 


‘Wig. 5. Dog. Sketch of terminal part of ileum, proximal part of colon, and cecum ; 

from a specimen hardened in formalin, and therefore fully contracted. The exwcum is — 

__ Closely applied to the ileum, to which it is fastened by peritoneal bands; while a 
peritoneal band confined to the cecum maintains its permanently convoluted form. 


Antiperistalsis was never observed in the dog. The cecum contracts 
often and apparently with great force to a hard white knob, but in 
complete independence of the movements in, or distension of, the colon : 
in such an event its anatomical limits are invariably constant and very 
sharply marked off from the flushed and relaxed wall of the colon by a 
circular line. 

After removal of the cord the whole colon is very sensitive: to 
mechanical irritation, but does not react to weak faradisation. 

Stimulation of the pelvic visceral nerves evokes : 

(1) very rapid and marked shortening of the longitudinal coat 
_ throughout its entire length. 

(2) after a considerable interval, usually about 30 seconds, the 
colon commences’ to constrict about 1 or 2cm. below the ileo-colic 
sphineter, and the contraction extending downwards reduces the whole 
to a hard blanched rod. The cecum and ileum are in the meantime 
quite unaffected, so that the contrast is exceedingly marked. The 
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constriction. of the tube is delayed: and requires:a longer and stronger 
stimulation than does that of the specialised longitudinal sheet. But.it 
is of an entirely different character from the co-ordinated propulsive 
peristalsis‘ which may be manifested throughout the colon. For the 
present therefore we prefer to regard it as a direct response of the 
muscle to stimulation of the nerves. Bayliss and Starling’ state that 
stimulation of the pelvic visceral nerve “ apparently affects all parts of 
the gut simultaneously, though-the action may be more marked in the 
lower than the upper part of the colon.” Our account disagrees with 
this statement; but our experimental facts were obtained so definitely 


that we do not hesitate to rely upon them. ~The longitudinal coat 


contracts with great rapidity: then, after a long interval, succeeds the 


constriction of the tube. This commences at the upper limit of the 


colon and extends downward. Such an analysis of the sequence of 
movements is analogous to that made in the other animals, e.g. the cat 
and guinea-pig, while showing that the dog has developed the general 
method of evacuation so as to provide itself with exceedingly powerful 
machinery to the end required. : 

In the dog, then, the cecum, which was the outcome of a regressive 


current of antiperistalsis, is dwindling and non-functional, while the 


current that produced it has disappeared. The proximal and inter- 
mediate: divisions of the colon, as recognised by their characteristic 
activities, are suppressed. And what survives is an analogue of the 
distal colon, merely a reservoir for the storage of useless matter, the 
whole — of which can be evacuated at will. | 


HEDGEHOG AND FERRET. 
These were examined as types of the mammals in etal the cecum 
does not exist, and in which consequently it would not have been sur- 


- prising to find antiperistalsis completely lost, A cecum may have been 


originally present and then suppressed with change of diet; but in these 


animals the regressive current that gave it birth does still persist. 


Hedgehog. In common with the other insectivora the hedgehog 
exhibits no distinction between ileum and colon in respect of intestinal 
contents, and none in coarse structure beyond the change of mucous 
membrane. Along the colon runs a sheet of longitudinal muscle. ‘This 
of the pelvic visceral nerves, so in the 


a This Journal, xxv1. p. 112, 1900. 
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dog, the whole of the colon may be evacuated. But the control 
exerted by either pelvic visceral.nerve is strictly unilateral (cp. dis- 
cussion by Langley and Anderson on the bladder. This Journal, xx. 
p--80, 1896). Excitation of either alone causes shortening of the 
longitudinal coat on the same side while the other half of the colon 
remains quite relaxed; and then constriction is not definitely produced. 
This limitation of response, without any secondary reaction of the other 
side of the colon, justifies our view that both shortening and constriction 
as described above for the dog, cat, etc., are the primary and direct 
results of excitation of the pelvic visceral nerves. Moderately vigorous 
antiperistalsis is elicited by dilatation with pea-soup. Arising in the 
region behind the bladder, it fades away, before the proximal end of 
the colon is attained, in an area where it is opposed by faint waves of 
propulsive movement. So far as can be judged by the eye, it is not 
sufficiently powerful to transport the material injected. 

_ Ferret. The colon is a straight tube. The terminal part of the 
itera is marked by numerous lymphoid patches: then succeed four 
centimetres of an area which is not affected by the sacral autonomic 
nerves, which is the field of intense vaso-constriction and also a slight 
contraction as the result of injecting adrenalin or stimulating the 
splanchnic nerves, and which may therefore be regarded as an elongated 
and weak sphincter. Shortly below this is the apex of the longitudinal 
coat of muscle, which spreads out like a fan from the ventral ‘surface 
and quickly invests the rest of the tube with a very thick coat. 

Weak antiperistalsis may be excited in the upper part of the 
colon. 

Electrical excitation of the sacral ucves-the efficient fibres. being 
almost entirely confined to the first sacral—causes rapid dragging down 
of the colon by contraction of its longitudinal coat (the recto-coccygeus 
is minute); soon thereafter the circular coat contracts completely from — 
just below the sphincter area down to the anus. As in the dog, but in 
contrast. with the guinea-pig and rat, the contraction is very powerful 
and not easily fatigued. 

In the carnivores, therefore, the colon is merely an evacuable 
reservoir, a distal colon. Yet even in ‘these ee may ‘woually 


be persistent. 
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SUMMARY. 


Generalising from them it seems indisputable that there are three broad — 
forms of muscular movement in the colon. 


| 1. Backward running waves of constriction, which repel food that 

has entered from the ileum and temporarily prevent its forward move- 
‘ment. These are myogenic, and on the same low plane, speaking from 
the point of view of physiological complexity, as the segmenting rhythm 
of the small intestine whose function is to delay and churn the food. 
_ It is to be noted that they originate from the lower or anal limit of any 
distended area, and not from the middle where the tension of the mus- 
cular fibres is maximal, 


2. Co-ordinated peristalsis, which is for the moment ieee on 
the muscle and nerve machinery in the wall of the bowel, and which 
both in small and large intestine drives the food in one direction only, 
that is from stomach to anus. 


-$ The strong contraction for the purpose of evacuating the final 
reservoir. This is caused by the central nervous system through the 
pelvic visceral nerves. 

The first two movements are an autochthonous response to the 
_ stimuli caused by the nature of the contents and by the increased tension 
of the intestinal wall; but may both be inhibited by the sympathetic 
nerves, 

In respect of the third movement it is seen that the action common 
to all the animals studied is a slow but invariably powerful constriction 
of the tube which, commencing at a definite point some distance up the 
_ colon, spreads thence downward so as to empty the distal segment. 
This may in consequence be recognised as the fundamental reaction to 
excitation of the sacral nerves. Added thereto is in many types the con- 
traction of a specially differentiated sheet of the longitudinal muscle coat 
which, taking the perineum, or the attachment to the vertebral column 
_ by the recto-coccygeus, as its fixed point, responds to excitation of the 
nerves with much greater rapidity, draws the colon down into the pelvis, 
and thereby places it favourably for the actual constriction that — 
evacuation. 


A summary of what occurs in each animal is appended. 
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Rat None observed In 10 secs. from lower border L6 and L7. . 
3 | of kidney downwards 
Guinea- Distal 70m. by 83 Slofh 81, $2, and 83 
| 88 from kidney to anal sphincter 
Rabbit Last few om. weakly Tight constriction from fiex- 838 and S4 
ure just above left kidney 
Cat Distal half forcibly At 20sees. strongconstriction S2and 83 
from level a few om. below Cpsaley and 
vice ileo-colic sphineter to end nderson) 
Very rapid & power- At30secs.strongconstriction 82 and 838 
length from level 1 or 20cm. below (Langley and 


ileo-colic sphincter to end Anderson) 
Ferret From immediately tidlow Chiefly 

These results fully confirm the denial by Langley and Anderson‘ 

of the applicability to the distal'colon of the law of crossed innervation 
that has been advocated by v. Basch and Ehrmann. The distinction 
made between early shortening and delayed constriction of the colon is 
- not intended however to refer to an entirely separate action of the 
circular and longitudinal coats of muscle. Only the specially differen- 
tiated sheet of longitudinal muscle reacts at first; but probably some of 
the longitudinal fibres will contract together with those of the circular 
coat in the subsequent progressive constriction of the tube. 
In the proximal’colon the “law” may be equally denied jurisdiction 
for the sympathetic nerves, This part is sacculated in the rabbit by a 
separation of the longitudinal muscle coat into three bands, whose 
movements can therefore be clearly distinguished from those of the 
circular. Stimulation of the sympathetic nerves, or the injection of 
adrenalin, relaxes both coats equally. 

Tn all the animals examined by us the inferior mesenteric nerves 
carry inhibitory impulses to the cecum and to the whole of the colon; 
and their control can be demonstrated with especial ease in the 
proximal colon. 

The three broad forms of muscular activity named above justify a 
division of the colon into three regions distinguished by the predominance 
of one or other of these movements. It is possible that all three move- 
ments may be potentially present throughout the small colon of birds, 
fishes, and reptiles. The mammal is peculiar among vertebrates in the 
elongation of its colon, an elongation that is responsible for the 


1 This Journal, xvi. p. 86. 1895. 
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@haracteristic rotation of the mammalian small intestine, and is carried 
to an extreme in the herbivores. With this elongation appears the 
_ differentiation into the regions recognised. Antiperistalsis is ultimately 
 Timited’ to the proximal part of the colon: propulsive peristalsis is 
manifested throughout, but is the sole movement of the intermediate 
colon; it is only the last segment, the distal colon, that can be evacuated 
by the sacral nerves. Such a condition is well illustrated in the rat. 

_ But. structural changes have proceeded side by side with and 
furthered the physiological differentiation. Evacuation is made more 
efficient by the development of a special longitudinal sheet of muscle in 
the distal colon. The backward current produced by antiperistalsis in 
the proximal colon, being refused passage into the ileum by the ileo-colic 
sphincter, is responsible for the development of the cecum. Caecum 
and proximal colon may interact, as in the rat, for the continual churning 
of the whole of the contained food. Or the cecum may enlarge 
continually, as in the rabbit, so as to provide a great reservoir, which is 
ever feeding the churning apparatus of the proximal colon, and ever 
absorbing nutritive substances from the material driven back into it after 
such churning. Or again the proximal colon may gain in capacity, as 
in the guinea-pig, with an especial development of its churning activities 
and perhaps a lessened tendency to antiperistalsis. Every animal, then, 
has its own type of caxcum, its own method of emptying the same, and 
its own interplay of proximal colon and cecum. The greater the 
churning activity of the proximal colon, apart from a regressive current, 
the more marked the sacculation of its wall. 

But in practically all the types, whether specialised in the herbivores 
by enlargement or in the carnivores by concentration and suppression, 
the colon retains its power of antiperistalsis. Even the short colon of 
the ferret, devoid as it is of a cecal reservoir, exhibits the movement. 


‘The colon of Man. Sacculation of the proximal colon i is associated 
with emphasised churning movements. A like sacculation occurs to a 
similar end in the stomach of the kangaroo and of Semnipithecus. The 
colon of man, as those of the frugivorous Simiide, is strongly sacculated 
in its ascending, transverse, and descending portions ; and there can be 
no doubt that it is rather of the herbivorous than the carnivorous type. 
But it was in the herbivores that the distinction into the three regions 
could be most clearly and uniformly made. Do the sub-divisions hold 
good in man ? 

The human colon has probably retrograded from the herbivorous type, 
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with the result that, in the confusion between structures that were 
developed in response to past needs and their vestiges that are now 
adapted to altered conditions’, it is difficult to deduce ~— the anatocnten 
facts the physiological movements of the bowel. 

A characteristic sign of a proximal colon, which fulfils its function 
of mixing and churning contained food, must be a uniform consistency 
of the contents. And that is realised only in the ascending colon we 
vestigial cecum of 

Here then we may assume that food initia from the ileum is still 
delayed by a backward current, still. commingled by the activity of the — 
walls of the sacculi. A single instance is reported in English literature 
of the absence of the ileo-colic valves and sphincter*, and in it the 
cecum was also absent but the lower part of the ileum dilatated to an 
unusually large calibre. Antiperistalsis may have’ been a more _— 
factor than that of gravity in producing this distension. 

Forward from the hepatic flexure the contents gradually stiffen: in 
the elongated transverse, in the descending, and in the iliac colon 
churning is probably slight, and these now function as an intermediate 
colon with propulsive peristalsis as its chief activity‘; Of these Roith® 
has shown that the descending colon is never distended, and generally — 
empty or very lightly loaded, so that it may be looked ng ce ce a 


1 Op. Metchnikoff. Proc. Manchester Lit. and Phil. Soc. xiv. 1901. | 

A good and exceedingly careful analysis of the contents of 
by Otto Roith (Anat. Hefte. Merkel und Bonnet Arbeiten, 1903). The figures are based 
on the examination of a large number of post-mortem cases, of 88 abdominal operations, — 
and on the dissection of two recently executed criminals. Even the last would, however, 
be abnormal by reason of the undue interference of the emotional impulses of inhibition. 
He states that the contents of the cecum are always ‘ breiig,” whereas those of the trans- 
verse colon are generally as hard gs those in the rectum, so that under normal conditions 
there is no considerable “‘ verdickung”’ from the transverse onward. The cw#cum is always 
the most distended of the whole colon. The sigmoid, or pelvic colon, was variable: when 
its mesentery was small, its contents approached the low value for the descending colon. 

* Elliot Smith. Journ. Anat. and Physiol. 1903. That recorded by Birmingham 
(Trans. Roy. Acad. Med. Ireland, 11. 1893) was a valueless observation on a fully distended 
and dried specimen 

* Professor Elliot Smith has had the opportunity of examining the viscera of Egyptian 
bodies that have been preserved for 6000 to 7000 years by dessication in the sands near 
Abydos. He informs us that the contents of the colon extended uniformly to the iliac 
colon, and nodulation was only present in the pelvic colon. It may be that the region 
to be denominated the proximal colon was of greater extent in these ancient frugivorous 
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Lastly the pelvic colon or sigmoid flexure is a secondary loop of — 
elongation for the storage of waste matter: on its lower part and the 
rectum the longitudinal tenise become confluent, indicating that this is 
the distal colon which alone can be evacuated by the sacral nerves, — 


Ths of tte. paper ore: 

1. Antiperistalsis is a characteristic feature of the muscular 
activity of the colon. The regressive current of material so produced 
explains the need of a strong ileo-colic sphincter, and is to be correlated 
the development of the cecum. 

2... Such antiperistalsis consists merely of moving rings of con- 
striction originating in the circular muscle, and not abolished by 
nicotine. It is not a co-ordinated movement of contraction preceded 
by relaxation, A true peristalsis has not been observed to move 

$. The sacral visceral nerves do not control the escum. Generally 
their territory is limited to the final part of the colon, wherein they 
cause both circular and longitudinal muscle to contract. 

4. The inferior mesenteric or sympathetic nerves carry balidblaory 

_ impulses te the cecum and to the whole of the colon: 
_. 6... The colon tends to show a division into three regions of different 
activities, the proximal, intermediate, and distal. These are completely 
distinct in the herbivorous mammal. Antiperistalsis is then confined 
to the first division : the sacral visceral nerves control only the last. - 
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THE INFLUENCE OF CHANGES IN THE INTRA- 
OCULAR CIRCULATION ON THE INTRAOCULAR 
PRESSURE’. By E. E. HENDERSON, anp 
E. H. STARLING, F.R.S. (Nine Figures in Text.) 


(From the Physiological Laboratory, University College.) 


In a recent investigation by one of us (E.H.S.), of the factors deter- 
mining the amount and composition of the intraocular fluid which is 
constantly being poured out into the eyeball, it was found impossible to 
arrive at definite conclusions on account of the striking discrepancies 
which exist between the results of various observers as to the 
dependence of intraocular pressure on blood-pressure; and we have — 
therefore subjected the question to a fresh examination. ; 
The problem of measuring intraocular pressure is analogous to that of 

measuring the intracranial pressure. We have a cavity with walls which, 
under the conditions of the experiment, can be regarded as approximately 
rigid, In this cavity fluid is being constantly poured out from the ciliary 
process, and absorbed through the canal of Schlemm at the anterior 
angle of the eye. Under normal conditions the intraocular tension 
determines an exact balance between the amount of fluid secreted and 
the amount absorbed. If we wish to determine this pressure it is 
evidently necessary that in the determination no fluid shall either enter 
or leave the eyeball. For this purpose, therefore, it is not sufficient to — 
attach a manometer to the interior of the eyeball. We must use a 
method similar to that employed by Bayliss and Hill” in the determi- 
nation of intracranial pressure, namely, a method in which there is no 
movement of fluid, but a bubble of air, serving as an indicator, is kept 
at @ given position in the manometric apparatus by opposing a counter- 
pressure equal to that which obtains in the interior of the eyeball. 

_ The arrangements we made use of are represented in the accom- 
panying diagram (Fig. 1), and consist of a gilt-steel needle which is 


1 Towards the expenses of this research a grant was made by the British Medical 
_ Association on the recommendation of the Scientific Grants Committee of the Association. 
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introduced into the anterior chamber. This needle may be open at the 
end, or may be closed at the end and be provided with a lateral opening. 


Connected with the needle is a capillary glass tube with a T-piece, 


E 


Fig. 1. A, intraocular pressure cannula, connected by pressure tubing with B, a piece of 
capillary tubing provided with a T-piece D. Through D is introduced the air bubble 
C. This serves as an indicator. The other end of the éapillary tube is connected by 
means of a T-piece with the manometer EF and the pressure bottle F. By adjusting 
the height of F to the various intraocular pressures no movement of the air bubble is 
allowed to take place. G is a piston-recorder connected with the top of the manometer. 


through which a bubble of air can be introduced into the tube. The 
capillary tube is connected again by a T-piece with a water manometer, 
and with a reservoir containing ‘9°/, of salt solution. In order to record 
the excursions of the manometer the air space over the column of fluid 
is connected by a rubber tube to a piston-recorder, and the delicacy of 
the piston-recorder was adjusted so that an excursion of lcm. of its 
writing point denoted a change of pressure of about. 5cm. of water. 
Before introducing the needle into the anterior chamber the pressure 

in the apparatus was raised to about 25cm. H,O, which represents the 
ordinary intraocular pressure. While the fluid was dropping from the — 
end of the needle it was thrust through the lateral part of the cornea so 
as to lie in the middle of the anterior chamber, and was supported in 
this position, A bubble was then introduced into the capillary tube, 
and the reservoir adjusted as quickly as possible to such a height that 
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the bubble remained stationary. In this way one could be certain that 
only a minimum quantity of fluid escaped or entered the eye, and within 
5 minutes of initiating the operation the height of the fluid in the 
manometer represented exactly the normal intraocular pressure. A rise 


of intraocular pressure was indicated at once by a movement of the 


bubble outwards, and was met by raising the reservoir until the bubble 
was brought back to its previous position. In this way there was no 
movement*of fluid into or out of the eye, but there was an accurate 
representation of the changes in the intraocular — recorded on the 
blackened surface of the drum. 

In every experiment a blood-pressure tracing was taken throughout 
the experiment. In the case of cats it was found most suitable to take 
this pressure by attaching the lower part of the abdominal aorta to a 
mercury manometer. In dogs the pressure was taken either in the 
femoral artery or in the opposite carotid artery to the side on which the 
eye was being investigated. 

The animals used for the experiments were cats and dogs. The cats 
were anesthetised with ether, a subcutaneous injection of morphia was 
given and the trachea opened, and artificial respiration instituted, using 
air charged with the anesthetic. When the anzsthesia was constant 
an injection of curare was given sufficient to paralyse the skeletal 
rouscles. The administration of the anwesthetic was kept up throughout 
the experiment. Dogs were anesthetised by a previous injection of 
morphia followed by the administration of A.c.E. mixture. Here again 
artificial respiration was induced, using air charged with the anesthetic, 
and curare then administered, the administration of the anwsthetic 
aleo continued the experiment. 


Biffet of mechanical eats with the intraocular circulation. 


Most observers have found a general parallelism between the height 
of the intraocular pressure, however determined, and the height of the 
general blood-pressure, or at any rate of the pressure in the blood vessels 
of the eyeball investigated. Thus Adamiik® found that ligature: of 
the carotid artery on the same side caused a fall of 6 to 8 mm. intra- 
ocular pressure. Heine under similar circumstances obtained a fall 
of only 1 to 2 mm.; von Schulten™ a fall of 8 to15 mm. The last- 
named observer shendend a rise of 20 to 34 mm. as a result of compression 
of the thoracic aorta, and similar results were obtained by von Hippel 
and Griinhagen™., These workers vary in detail and in accuracy of 
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observation, but all agree in the main principle that the intraocular 
tension, in the absence of special local vaso-motor influences, follows the 
general blood-pressure, and the same result was obtained by Parsons. 
The effect of mechanical interference with the circulation can be best 
judged of by giving a record of a typical experiment on a dog. At the 
commencement of the experiment a rubber capsule on a metal tube was 
passed through the left femoral artery so as to lie in the thoracic aorta. 
The left vertebral and subclavian arteries were tied. Adjustable liga- 
tures were put loosely round the right vertebral and subclavian arteries. 
The blood-pressure was measured by a cannula in the left carotid artery, 


and the intraocular pressure was taken in the right eye. At the 


beginning of the observations the blood-pressure stood at 128 mm. Hg. 
and the intraocular pressure at 26 mm.Hg, The aortic obturator was 
then distended. The blood-pressure immediately rose to 158 mm. Hg. 
and the intraocular pressure to 34, both remaining practically constant 
at this height for 100 seconds (see Fig.2,A). The aorta being still 


Fig. 2, 4. To illustrate the effects of mechanical interference with the circulation in a dog. 
Blood-pressure measured in left carotid, intraocular pressure in right eye. From P to 
S the aorta was occluded. From Q to R the right vertebral and subclavian were also 
occluded. In this, as in all the tracings, the scale to the right indicates the intraocular 
pressure reduced to millimetres of mercury. Time marker 10 seconds intervals. 


obstructed, the ligatures round the right vertebral and subclavian 
arteries were drawn tight. The blood-pressure now rose to 180 mm., 
and the intraocular pressure rose to 40, After another 50 seconds this 
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ligature was once more loosened. The blood-pressure fell to 170 mm. 
and the intraocular pressure to 35. After a further interval of 90 seconds 
the aortic obstruction was relieved. The blood-pressure fell to 70 mm. 
and the intraocular pressure to 23, the pressures rising in the following 
10 seconds to 120 and 29 respectively. 

We next proceeded to investigate the effect of closure of the carotid 
on the same side. Inthe same animal 10 minutes after the observations 
just recorded, the arterial pressure was 100 and the intraocular pressure 
21. The right carotid was now occluded. The blood-pressure began to 
rise, the rise being occasioned partly by the mechanical interference 
with the circulation, partly by the state of asphyxia of the vaso-motor 
centre produced by obstruction of the chief remaining vessel to the brain. 
In 8 minutes the arterial pressure reached 160. The intraocular pres- 
sure fell at once to 13, and remained practically constant during the 
whole tinie the ligature was round the carotid artery. Three minutes 
later the ligature round the right subclavian and vertebral arteries was 
pulled tight. These were the last large vessels supplying the vaso- 
motor centre, and the blood-pressure therefore rose steadily until at the 
end of 2 minutes it mounted to. 190. 


Fig. 2, B. Dog. Blood-pressure in left carotid, intraocular pressure in right eye. From 
T to X occlusion of right carotid, from U to W occlusion of right vertebral and 
subclavian. , 

Fig. 8.. Effect of stimulation of splanchnic nerves in a dog. Blood-preasure measured in 
femoral artery; intraocular pressure in right eye. 
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The intraocular pressure fell to 9, showing that the eye had been 
receiving some blood by collaterals or through the circle of Willis. On 
relaxing, at the end of 2 minutes, the ligature round the right verte- 
bral and subclavian, the blood-pressure fell to 140, and the intraocular 
pressure rose to 12. And on finally relaxing the right carotid the blood- 
pressure fell to 116, and the intraocular rose to 20 (Fig. 2,B). The 
same complete parallelism between the changes in the local blood- 
pressure and changes in the intraocular pressure is obtained when the 
changes in blood-pressure are produced not by mechanical means, but 
by vaso-constriction or dilatation in other portions of the vascular area. 
Thus, stimulation of the depressor nerve in the cat causes a fall of 
intraocular pressure. Stimulation of the peripheral end of the divided 
splanchnic causes a rise of arterial pressure, and a simultaneous rise of 
intraocular pressure. Thus in the experiment represented in Fig. 3, on 
stimulation of the splanchnic nerve the blood-pressure rose from 122 to 
214; and the intraocular pressure rose from 16 to 24, falling again to 
S its original height as the blood-pressure fell on discontinuing the stimu- 


Effects of 
Although as we shall see later on the eyeball is supplied with vaso- 
constrictor fibres, stimulation of which has a distinct influence on intra- 


Fig. 4. Asphyxia in a dog. Dll prea nn sri, rw 
in right eye. 3 
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ocular pressure, the local effects produced by stimulation of these nerves 
_ are unable to counteract the passive influence of large changes affecting 
the whole of the vascular system. We therefore find that in asphyxia, 
when the connection of the splanchnic area with the vaso-motor centre 
is intact the intraocular tension follows exactly the course of the 
general blood-pressure. An example of this behaviour is given in the 
experiment from which Fig. 4 was taken. At the beginning of the 
observation the intraocular pressure was 25:6, and the blood-pressure 
130. On cessation of artificial respiration the blood-pressure rose 
steadily to 170, and the intraocular pressure rose to 41. As the heart 
began to fail the blood-pressure dropped steadily, until it ceased to beat 
at about 10 mm. Hg. The intraocular pressure followed the curve exactly, 
falling with the blood-pressure until it became stationary at about 11. 
It is worth noting that the intraocular pressure is not altered at all by 
the rise of venous pressure which is known to occur as the heart begins 
to fail. In this respect our results do not confirm the conclusion 
arrived at by Parsons”, 


The effects of the sympathetic nerve on the intraocular pressure. 


All observers are agreed that the sympathetic conveys vaso-constrictor 
fibres to the vessels of the eye. This fact can be directly observed both 


in the retinal vessels and in albino rabbits in the vessels of the iris and . 


ciliary processes, Most observers state that section of the sympathetic 
produces, if anything, only a temporary effect. Besides this constrictor 
effect certain observers, namely Poncet” and Doyon™, have observed 
dilator effects to follow stimulation of the sympathetic in the thorax. 
It is not stated in these experiments whether the nerve was stimulated 
in continuity, nor is any record given of the blood-pressure, Our 
observations on the effects of asphyxia show that a local constriction can 
be overcome by a rise of blood-pressure due to general vaso-constriction ; 
and therefore, in the absence of a record of the general blood-pressure, it 
is absurd to judge of the presence of ‘vasodilator fibres in a nerve 
because the vessels are seen to enlarge on stimulating it. One may in 
fact get a.reflex rise of blood-pressure either through the sensory fibres 
entering the upper dorsal roots or by the common mixture of vagus 
fibres with the sympathetic nerve.in the neck. In. many cases the 
sympathetic nerve fibres are mixed with depressor fibres. Here stimu- 
lation of the peripheral end will produce a fall of general blood-pressure, 

and an n apparent constriction of the vessels in the eye might be passive 
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in consequence of this general fall. One other effect of the sympathetic 
nerve on the eyeball must be mentioned as of great importance in 
relation to the intraocular pressure. The cervical sympathetic, as is well 
known, supplies motor fibres to the unstriated muscle of the orbit and 
to the nictitating membrane. Contraction of the orbital muscle will in 
itself cause a compression of the eyeball and therefore a rise of intra- 
ocular pressure. Assuming that the intraocular pressure is dependent 
on variations of the blood-flow through the eye, it must also be affected 


by changes in the state of contraction of the orbital muscle, and we shall — 


therefore expect on stimulating the sympathetic to get effects on the 
intraocular pressure which are the resultant of these two effects, namely, 


Fig. 5, A. Stimulation of the sympathetic nerve in a cat. Blood-pressure measured in 
aorta, intraocular pressure in right eye. Both vagi have been cut, and the right 
sympathetic stimulated. 


Fig. 5,B. Stimulation of the sympathetic nerve in a dog. In this experiment the stimulus 


was applied to the annulus of Vieussens. It is repeated three times with similar 


on the blood vessels and on the orbital muscle. That this is so is shown 
by the results of one experiment, which may be quoted as a type of 
many others which were performed. A record of one of these in a cat 
is given in Fig. 5, A, At the commencement the blood-pressure was 110, 
and the intraocular pressure 13. On stimulating tlie cervical sympathetic 
on the same side the blood-pressure rose slightly to 118, and the 
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intraocular pressure to 16. The latter, however, almost immediately 
fell gradually to 10 ; and 1 minute after the cessation of the stimulus 
was stillonly 11. In another experiment on the dog (Fig. 5; B) the blood- 
pressure was 124, and the intraocular pressure 14. Stimulation of the 
sympathetic left the blood-pressure unaltered, but raised the intraocular 
pressure to 21. On attaining this point the intraocular pressure began 
to fall, and during the next 30 seconds had fallen to11. Thirty seconds 
later the stimulus was stopped, the intraocular pressure began to rise, 
but did not reach its former. height for another minute. In these two 
experiments the initial rise of the intraocular pressure is evidently due 
to contraction of the orbital muscle, since in each case it is attended 
by a retraction of the nictitating membrane. The constriction of the 
blood vessels which occurs as a result of the stimulation comes on more 
slowly, and causes a diminution in the amount of intraocular fluid which 
leaves the blood vessels. We therefore get a slow fall of pressure, until 
it has fallen below the normal height. On stopping stimulation the 
vessels slowly dilate again, and, with the dilatation, the intraocular 
pressure returns to normal. That this interpretation is correct is shown 
by the effect of stimulating the sympathetic immediately after death 
_ when all circulation has ceased. Fig. 6 represents a tracing of the 
intraocular pressure taken from an animal which had been bled to death, 
so that the vessels were empty. It will be seen that in this case, a dog, 


Fig. 6. This is taken from the same animal immediately after it had been bled to death 
and the blood-pressure had fallen to zero. The stimulus as in the last figure was 
applied to the annulus of Vieussens. | 


Fig. 7. Cat. Stimulation of the Gasserian ganglion after section of the root of the fifth. 
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stimulation of the sympathetic nerve causes a rise of intraocular pressure 
but no fall, and it was seen that here also the rise of pressure was 
synchronous with a contraction of the muscle of the nictitating membrane. — 
Similar results to our own were obtained by Bellarminow® and by 
Adamiik, though, curiously, the former observer came to the conclusion 
that the first rise was not due to the orbital muscle because the eyeball 
as a whole did not move when attached to a Marey’s tambour, 
although Adamitik had previously shown that this rise of ori 
= even after the death of the animal. 


Influence of the fifth nerve on the intraocular pressure. 


The occurrence of trophic disturbances or of dilatation of the 
conjunctival vessels after section of the 5th nerve or as a result of 
irritative lesions of the Gasserian ganglion, has long inclined physio- 
logists to locate in this nerve vasodilator fibres, and a number of 
experimental results are to be found in the literature of the subject, 
which are interpreted as showing that this nerve has a marked vaso- 


. dilator influence on the vessels of the eyeball, or that it is actually 


a secretory nerve for the intraocular fluid. The action of this nerve, 
however, is much more difficult to investigate than that of the sympa- 
thetic, and it is not surprising to find that the most contradictory results 
have been obtained by different observers. Thus von Hippel and 
Griinhagen®, with the idea of stimulating the 5th nerve, put electrodes 
into the side of the brain and of the medulla, and sent strong shocks 
through them. They obtained a rise of intraocular pressure to 200 mm. 
mercury, and conclude that such a rise could not be due to rise in 
blood-pressure, and must therefore be due to vasodilator effects in the 
eye. They do not mention, however, that they took the blood-pressure, 
and their results are evidently worthless. The exposure of the 5th 
nerve and its stimulation without spread of current to adjacent struc- 
tures in the cranial cavity is not effected with ease, and we are therefore 
inclined to doubt the reliability of the results obtained by Bellar- 
minow™. This observer states that he stimulated different portions of 
the Gasserian ganglion, and obtained different effects according to the 
part of the ganglion stimulated. Thus, stimulation of the ganglion at 
the centre caused a quick rise of intraocular pressure to 2 or 3 times its 
normal height, beginning earlier and reaching its maximum sooner than | 

the simultaneous rise of blood-pressure. Stimulation between the origin 
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of the first and second branches caused at first a rapid fall, followed by 


a rise. He does not mention whether the central end of the nerve was 
divided or how he prevented spread of current, nor do any blood-pressure 
tracings accompany the paper. Von Schulten, who condemns previous 
experiments on this subject, admits that in his own experiments many 
were worthless owing to the bleeding and other operative difficulties. 
He found that division of the 5th produced no considerable effect on the 
intraocular pressure. He gives a detailed experiment in which a marked 
rise of pressure took place as a result of stimulating the cut 5th nerve, 
but does not accompany his paper with any tracing of the blood-pressure. 
It is therefore impossible to judge whether or not he had any escape — 
of current to adjoining tissues which might cause a simultaneous rise in 
blood-pressure. 3 
All our successful experiments on the action of the 5th nerve 
were performed on cats, since this nerve is much more accessible in 
these animals, Endeavours to expose the Gasserian ganglion in the 
dog were unsuccessful, owing to the severity of the operation required. 
In the cat the skin and temporal muscle were turned back from one half 
of the skull. The skull was opened by means of a trephine, and the 
skull cap removed between the superior longitudinal and lateral sinuses, 
the bone being removed as far down as the tentorium behind, and as 
the zygoma in front. The dura mater was not opened. Plugs of cotton- 
wool were now packed carefully into the cranial cavity between the 
dura and the skull, and the animal was left for 5 to 10 minutes, 
During this time the fluid is gradually squeezed out of the cerebral 
hemisphere on the operated side, and on now removing the cotton-wool 
it is possible to retract the brain and expose to view the upper surface 
of the petrous portion of the temporal bone, with the Gasserian ganglion 
lying on it beneath a thin layer of dura mater. At this stage bleeding — 
may be troublesome, but may be largely avoided by a temporary 
ligature round the carotids, which.can be drawn on as required. In 
some cases we managed to obtain a clear view of the ganglion by raising 
the animal’s head, so. diminishing the oozing from the venous sinuses 
which surround the ganglion. The proximal end of the 5th as it 
entered the ganglion was then hooked up and divided between ganglion _ 
and brain. It is easy in this part of the operation to miss some of the 
fibres, so that the ganglion is left connected to a certain extent with the 
central nervous system. Such a mishap is at once revealed on 
stimulating the ganglion, by the reflex rise of blood-pressure that 
occurs. Needle electrodes were then thrust into. the ganglion and 
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packed into the cranial cavity by means of modelling wax, which held 
them in position. 

The anterior chamber of the eye was then connected with a revording 
apparatus, and the effect of exciting the Gasserian ganglion noted. 
In all cases the results obtained were identical. The blood-pressure 
remained, as was to be expected, unaltered, unless there had been 


insufficient division of the nerve. The intraocular pressure rose directly — 


the nerve was stimulated, remained constant for.a time, and then fell 
slowly, but remained above the base line during the whole period of 
stimulation. On ceasing the stimulation the intraocular pressure fell to 
normal (see Fig. 7). Thus,in one typical experiment the blood-pressure 
was 60 throughout the observation. The intraocular pressure, which 
was 10 to commence with, rose immediately on stimulation to 13. 
Thirty seconds later it began to fall, but. did not reach its former level 
until the stimulus was discontinued 30 seconds later. On observation 
of the eyeball it was seen that stimulation of the 5th nerve caused 
retraction of the nictitating membrane and contraction of the orbital 
muscle, in addition to the well-known dilator effects on the pupil. The 
question at once arose whether the rise of: intraocular pressure observed 
was to be ascribed to these effects, which are associated with the 
stimulation of sympathetic fibres passing through the ganglion, or 
whether, as has been so often imagined, they are due to a direct stimu- 
lation of vasodilator fibres, or of secretory fibres running in the 5th 


nerve itself. To decide this point it was necessary to eliminate any © 


possible action of sympathetic nerve fibres. In three cats, therefore, the 
superior cervical sympathetic ganglion was excised on one side under 
antiseptic precautions, The animals were allowed to recover, and were 
kept alive for 3 to 4 weeks in order to allow time for the sympathetic 


fibres which run to the Gasserian ganglion from the superior cervical — 
sympathetic ganglion to degenerate. At the end of this time the 


animals were again anssthetised, and the 5th nerve divided, provided 
with electrodes, and the effect of stimulation of the 5th nerve on 


- Intraocular pressure recorded in the usual way. Stimulation of the 


5th nerve was absolutely without effect on the intraocular pressure. 
Observation of the eyeball showed that the sympathetic fibres had 
degenerated, as was proved by the absence of any contraction of the 
orbital muscle or nictitating membrane, or any movement in the pupil. 

We may therefore conclude that the 5th nerve contains no secretory 
or vasodilator fibres to the eye, at any rate no fibres which can be 


stimulated by electrical excitation of the Gasserian ganglion. All the 
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results obtained by previous observers relating to the rise of intraocular 
pressure following stimulation of the 5th nerve were due either to the 
stimulation of the sympathetic fibres running in this nerve, and there- 
fore to contraction of the orbital muscle, or to faulty experimentation 
and the escape of current to adjacent portions of the brain, causing a 
reflex rise of blood-pressure and consequent passive rise of intraocular 
pressure. It is interesting to note that the patli for the external 
unstriated muscles of the eyeball is similar to that of the dilator fibres 
to the pupil, and differs from that for the vaso-constrictor nerves to the 
vessels of the eyeball. (Compare Fr. Franck.) | 


of drags on premure. 


We have investigated by the same method the action of two drugs, 
namely, nicotin and adrenalin, on the intraocular pressure. 

As these drugs raise the general blood-pressure and constrict the 
peripheral arterioles, it is evident that we have to deal with the resultant 
of these two effects in measuring the intraocular pressure. It is there- 
fore not surprising to find that the actual effect on the intraocular 
pressure will vary with the individual. Thus the local effect may 
predominate, neutralize, or be overpowered by the general rise of 
blood-pressure. Thus Parsons states that the intraocular pressure 
runs parallel to the general blood-pressure. He however employed 
much larger doses than we have done. 

We have employed for the adrenalin Parke Davis's 0'1 +, solution in 
doses of about 0°12c.c. (2 minims). To ensure the condition of the 
drug, we have employed the small tubes put up by Martindale. The 
nicotin we employed was a 2°/, solution and we have used doses of 
about 0:06 c.c. (1 minim). The drug was introduced intravenously, the 
femoral vein being usually selected, and in every case the drug was 
washed in with a subsequent syringeful of normal saline solution. Cats 
only were employed and the blood-pressure was measured in the aorta. 
Four experiments were made on intact animals, three on animals in 
whom the superior cervical ganglion on one side had been removed 
immediately prior to the observation, and one on an animal in which 
this had been done four weeks previously. 

Of the first four in two the local effect predominated with both 
drugs. The blood-pressure rose while the intraocular pressure fell. In 
one the two effects nearly counterbalanced one another, the rise of 
blood-pressure being accompanied by a very slight rise of intraocular 
pressure. In the fourth, the intraocular rise appeared to be entirely 
passive. 
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Of the three cats in which the superior cervical ganglion had been 
reaone immediately before the observation, in one a purely passive 


effect occurred in both eyes. In the remaining 
two the local effect to adrenalin was extremely 
well marked (Fig. 8). The blood-pressure at 
the beginning of the observation was 114, and 


the intraocular pressure 25. On injecting 


2 minims of 0°1°/, adrenalin the blood-pres- 
sure rose to 130, while the intraocular pressure 
fell to 19. A similar effect was obtained at a 
later stage of the experiment on the opposite 
eye, in which the sympathetic system was intact, 
Nicotin on the contrary showed no local effect 
on the eye of the side on which the superior 
cervical sympathetic ganglion had been excised 


(Fig. 9,4). -Here immediately before the in- 


jection of one 0°06 cc. of a 2°/, solution of 
nicotin, the blood-pressure was 106, while the 
intraocular pressure was 20. The blood- 
pressure immediately rose to 154, and the 


intraocular to 25. In the other eye, however, a similar dose hin | 


Fig. 8. At the spot marked 
~ on the intraocular pressure 


line, 0-118 ¢.c. of a0-1°%, 


adrenalin solution was in- 

jected into the femoral vein. 

The superior cervical gang- 

lion had been removed im- 

_. mediately prior to the ob- 
servation. 


causing a rise of blood-pressure from 98 to 130 was practically without 
effect on the intraocular pressure (Fig. 9, B.) In the fourth cat, in which 


Fig. 9, 4. The same eye of the same cat as in the last tracing being still used for the 
measurement of the intraocular pressure, 0°118¢.c. of a 2°/, solution of nicotin was 


injected into the femoral vein at the place marked on the intraocular pressure tracing. 


eas The opposite eye of the same cat was now employed. On this side the 
sympathetic was intact. At the place marked on the intraocular pressure curve 


remained exactly as in Fig. 8 and is therefore not reproduced. 
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time had been allowed for degeneration in the sympathetic to take 
place, the rise of blood-pressure which in each case followed the adminis- 
tration of the two drugs in question was followed by a purely passive rise 
of intraocular pressure. As we have already seen this may however 
occur in an animal in which the sympathetic is intact. It is not 
therefore permissible to use such experimental data for a foundation 
for any as to the action. of 


SUMMARY OF RESULTS. 

1. The intraocular pressure is a function of the blood-pressure in» 
the ocular blood vessels, and varies directly as this latter.. 

2. The intraocular pressure rises and falls with the general arterial 
blood-pressure, and is not appreciably affected by: a certain degree of rise 
in the pressure in the great veins. 

3. Stimulation of the sympathetic (head mt) causes a siealiniinery 
rise of intraocular pressure, due to contraction of the orbital unstriated 
muscle, followed by a slow fall of pressure occasioned by. contraction 
of the intraocular blood vessels. 

4. Stimulation of the peripheral end of the divided fifth nerve root 
causes a rise of pressure due to contraction of the orbital unstriated 
muscle. This effect is absent if the fibres coming to the Gasserian 
ganglion from the sympathetic nerve degenerated in consequence of 
preliminary extirpation of the superior cervical ganglion. 

5. There is no evidence. of vasodilator fibres to the eyeball either in 
the fifth or cervical sympathetic nerves. Previous statements to the 
reverse effect are based on imperfect experimentation. ae 

6. The effects of adrenalin and nicotin on the eye vary scoording 
as the local or general effect on the blood vessels — 
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VI. Summary and conclusions. : 


I. Introduction’. The ipfluence of fasting and food upon the 
exchange of material has been the subject of many researches, and 
numerous data have been collected to explain the main outlines of the 
effects of hunger and of proteids, carbohydrates and fats upon the output 
of carbon dioxide and the intake of oxygen. The respiratory exchange 
has been generally considered as an approximate measure of the processes 
of oxidation and of the production of heat, and the ratio of the carbon 
dioxide discharged to the oxygen absorbed has served as a guide to the 
nature of the combustible material. Upon the gross results there is 
general agreement among physiologists, but upon the conclusions to be 
drawn from the quantitative and qualitative variations in the respiratory 
exchange there has been much contention. No other attitude could be 
justified, for in many cases the respiratory exchange was determined for 
periods as short as fifteen or thirty minutes—a time too brief for an 
exact estimation, considering the sources of error attached to many of 
the methods, 

Further research is especially needed upon the question of high 
respiratory quotients, for although Zuntz and his pupils have observed 


_ 1 The expenses of this research were defrayed by grants from the British Medical 
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quotients above unity they are inclined to attribute these results and 
those obtained by Hanriot and others to errors of.experiment or to the . 
oxidation of the marsh gas and nydroges white may be formed by 
fermentation in the alimentary canal. 

_ In a former research’ upon the respiratory exchange during the 
deposition of fat the respiratory quotient was constantly found to be 
above unity; the mean of twenty-two determinations was 1°21, the 
maximum 1:39, the minimum 1:04. These results were obtained with 
a Canadian marmot when it was rapidly depositing fat during the 
autumn as a reserve for combustion during its winter sleep. The 
conclusion was drawn that the most probable explanation of the high 
quotients was that suggested by Hanriot, that during the formation of 
fat from carbohydrates a considerable quantity of carbon dioxide is split 
off from the carbohydrate molecule. 

It is improbable on general biological grounds that the processes of 
metabolism in the marmot differ fundamentally from those in non-hiber- 
nating mammals ; the differences would appear to be of a quantitative 
and not of a qualitative character. In the present research, therefore, 
observations were made upon rats, and, as the results will show, respira- 
tory quotients similar to those yielded by the marmot were obtained. 

_ IL. Methods. The total respiratory exchange was determined by 
Haldane’s* modification of Pettenkofer’s method ; the apparatus was 
the same as that used for the experiments upon the marmot* and 
hedgehog. The ventilation was controlled by a meter and was main- 
tained approximately at half a litre per minute and in long experiments 
every twentieth litre was recorded graphically by an electro-magnetic 
signal. Test absorption-bottles were inserted to check the completeness 
of the absorption of water and carbon dioxide. Except for the few 
minutes, which were required for the transfer of the animal from one 
chamber to another when food was given, the respiratory exchange 
could be determined continuously for periods of two to four days. 

‘The animal-chamber, the capacity of which was six and a half litres, 
was tested for leaks with a negative pressure of 10 cm. of water, after 
the rat had been placed in the chamber. Ventilation with pure air was 
then maintained for a quarter of an hour, or more, before the first 
determination of the respiratory exchange was commenced. This 
interval allows the animal to accommodate itself to the change in its 

| 1 Pembrey. This Journal, xxvu. p. 407. 1901. . 3 


* Haldane. This Journal, xm. p. 419. 1892. 
* Pembrey. This Journal, xxvn. p. 66. 1901. 
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surroundings and also ensures that the air in the chamber is of an- 


average composition. 
The negative pressure necessary for the ventilation of the entire 


respiration apparatus was about 1 cm., that is one tenth the pressure 


used in the testing for leaks at the beginning and end of each experi- 
ment. 

The temperature of the air which passed into the respiration 

apparatus showed but slight variations during the course of an experi- 


13°8° to 19:5". 
The great advantage of Haldane’s method is that the animal is 


under normal conditions, that it is free to move about the respiration- 


chamber and quickly becomes accustomed to the confinement. The 
periods can be of long duration. This is essential in experiments upon 
variations in the respiratory quotient, for during short periods there 
may be differences in the output of carbon dioxide and in the intake of 
oxygen, which do not truly represent the respiratory changes in the 
tissues, The oxygen, it is true, is not directly determined, but by 
difference. Any error, therefore, in the weighing of the absorption- 
bottles and of the chamber must affect the value obtained for the 
absorption of oxygen. The balance, which was used for this purpose, 
weighs accurately to one centigramme, and control experiments and the 


weights of the control absorption-bottle in each experiment showed that 


the probable error in the weighings was not greater than one centi- 
gramme. The animal is weighed in the closed respiration-chamber and 
thus any condensation of moisture upon the sides of the chamber does 
not affect the estimation of the oxygen as it does in Pettenkofer’s 
method; the weighing of the closed respiration-chamber was rendered 
more accurate by the method of weighing against a “dummy” chamber. 
It is necessary to point out that in many of the respiration methods 
which are used the apparent gain in exactness by the direct determina- 
tion of the oxygen absorbed is neutralized by the shortness of the 
determination, by the restraint of the animal or by an operation. An 
animal under the influence of a drug and bearing a tracheotomy tube is 
in a pathological condition, and in work upon normal respiratory 
exchange it is necessary to insist upon physiological conditions. 

In the two cases in which the total metabolism was determined the 
following was the procedure. Two buck rats of similar size were kept 
in a fasting condition for a day or two and then the total metabolism of 
one rat was determined during another day’s fast; at the end of this 
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period the one rat was supplied with food and the other was killed and 
analysed. The estimation of the total exchange of material was 
continued for the two or three days during which the animal was 

supplied with an abundance of food rich in carbohydrates, The rat 
was then killed and analysed. 

During the experiments the rat rested upon a false floor of wire- 
netting, which was raised about an inch from the floor of the respiration- 
chamber ; thus urine and much of the fieces passed quickly through the 
wire mesh and the rat was kept clean and dry. At the end of each 
period of 24 hours the urine, which generally amounted to about 10 c.c., 


- was poured out of the box into a flask and the pellets of feces removed 


with forceps, counted and added to the urine. The wire-mesh and the 
walls of the chamber were then well washed with a spray of water and 
thus all traces of feces and urine, husks of barley-meal and hairs were 
washed into the flask. Sulphuric acid and copper sulphate were added 
and the whole of the mixture was digested for the estimation of the 
nitrogen. The clear residue was cooled and diluted to 500 c.c. and two 
portions, each of 100 c.c., were taken for distillation with the alkali. 
With the exception of the husks already mentioned, and these were 
only a few, no meal was found spilt in the respiration-chamber. Thus 
the total nitrogenous output of the rat was determined. 

The rats were fed mainly upon barley-meal which, made into a thick 
paste with water, was placed in a porcelain basin inside the respiration- 
chamber. The barley-meal was weighed and mixed with a definite 
quantity of -water. ae analysis of the meal gave the pecan 


Water |= 13°8 per cent. 


Solids 862 ,, 
Nitrogen Hi Mean 1-90 per cont. 


ries Mean 8°22 per cent, 


At the end of the period of feeding, the porcelain basin and its 
contents were removed and weighed both before and after drying to a 
constant weight, and the nitrogen of the dried residue was determined. 
This was done in case the rat should have passed urine into the basin 
containing the food, As a matter of fact, in no case had this happened, 
for the proportion of nitrogen was always less than in dried barley- 
meal: the slight diminution was probably due to the preference shown 


1 Estimated by Liebermann’s method, see p. 324, 
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by the rat for the meal and its rejection of the husks. Since the 
amount and composition of the barley-meal placed in the basin were 


known and the quantity of nitrogen in the meal left in the basin was 


directly estimated, the difference gave the amounts of nitrogen and 
_ barley-meal taken by the rat. 

The water given with the food was the sum of that added to, and 
that naturally present in the barley-meal or other food. The amount of 
moisture left with the food was determined, as above described, by 
weighing the basin and its contents before and after drying. The water 
taken by the rat together with that evaporated into the respiration- 
chamber was thus determined by difference. 

Arrowroot was given in addition to barley-meal during the Experi- 
ment 36, The dried residue contained only 024 per cent. of nitrogen and 
calculation showed that the quantity of nitrogen, (0093 grm., eaten in 
this form was negligible. Lettuce was given during the Experiment 37; 
a former analysis' showed that this contained 0°15 per cent. of nitrogen 
and a sample in the present case contained 94°84 per cent. of water. 

The analyses of the animals were conducted in the following manner. 
The rat was killed with chloroform, weighed and then minced in the 
machine described by Kossel*. The animal was suspended in a copper 
cylinder full of water, surrounded by solid carbon dioxide, and within 
half-an-hour was frozen and enclosed in a solid cylinder of ice. During 
the process of mincing it was found that the ice was liable to become 
loosened from the metal collar embedded within it; this was due to 


melting and was obviated by cooling the metal plate with solid carbon : 


dioxide, 

The mince was washed out of the zinc collecting boxes into a porce- 
lain evaporating dish, and samples of the porridge-like mass were 
weighed for the determination of nitrogen, fat and glycogen. The 
remainder was acidified with sulpburic acid and dried, first in the 
water oven and then in the dry oven at 105°, until it was of constant 
weight. 

The nitrogen was asieasa by Kjeldahl’s method. Copper ‘sul- 
phate was added to aid the oxidation by sulphuric acid and the same 
flask was used both for the digestion and distillation. 

The fat was determined by Liebermann and Székely’s® method, 
in which the proteid is broken up and the fat set free by heating with 


1 Hale White and Spriggs. This Journal, xxvt. p. 153. 1901. 
* Kossel. Ztschr. f. physiol. Chem. xxxm. 8. 5. 1901. 


* Leibermann and Székely. Arch. f. d. ges. Physiol. uxxm. S. 360. 1898. 
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a strong solution of caustic potash ; the soap formed is converted into 
fatty acid, which is extracted by petroleum ether, reconverted and 
finally dried and weighed as soap. 

_ Estimations of glycogen were carried out by Pfliiger and N erking’s' 
method, the glycogen being weighed dry upon the filter paper. No 
conclusions, however, are drawn from the values obtained, for the results 
of double analyses are too discordant. 

In the case of rat IV. the nitrogen and fat were estimated from 
samples of the dried mince. In-addition to the two rats IIL. and IV., 
which were used for the metabolic experiments, two other rats, controls 
A and C, were fully analysed and the water and solids were estimated in 
another rat, control B. In the last case an ordinary mincing machine 
was used and not Kossel’s apparatus. 

It was not easy to fatten the rats upon a simple diet, such as Sahay 
meal and water; arrowroot and lettuce were therefore given in addition 
in one series of ‘experimente. A simple diet facilitated the estimation 
of the nitrogen in the food, but the best results were obtained for the 
respiratory exchange when the animal was given a mixed diet of barley- 
meal, sugar, bread, cabbage and horse-flesh. Here, however, arose the 
difficulty of estimating the food which was eaten, for the rat would select 
_ the food-stuffs which it preferred. 

Further experiments upon the nitrogenous metabolism were not 
made owing to the fact that the analyses showed that it was impossible 
to correctly estimate the percentage composition of the living animal 
from the data yielded by the analyses of the animal which was taken as 
control. 

Composition or Rats. 


6713 

| 6877 26s 56 2225 6-3" 
26. on} 82-90 275 1719 #05 557 


* Includes glycogen. 
1 Pfliiger and Nerking. Arch. f. d. ges. Physiol. uxxvi. 8. 581. 1899; uxxxt. 8. 378. 
1900. 
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Composition or Rats—continued. 


Rat (buck) grms. Water Proteid Fat Glycogen substances 
Control A 4 
og; 19544 42-39 193 1-7 4-1 
Control B 
9A. iv. 02 158°49 
Ill, 
98-22 67°54 21°85 2-68 6-2" 
Control C 
93, vii 09; 10220 61°58 18-84 11-00. 3-46 7°32 


* Includes glycogen. 


IIL Percentage composition of rats. The results of the analyses 
are given in the preceding table, from which it will be seen that the 
control rat C cannot be taken as a guide to the exact composition of the 
experimental rats, for after one day's fast it contained more fat than 
the experimental rat IV. even when the latter had been well fed for 
three days after a fast of one day. 

The percentage of proteid calculated from the nitrogen varies from 
17. to 22; the fat found in the different rats varies from 10°7 to 
3°7 per cent. and in the case of rat III. which died after three days 
fasting, there were 2°68 per cent. of fat, a value only 1 per cent. less than 
that of the normal rat control A. The proportion of water in the rats 
varied from 60°3 to 71°6 per cent. The lowest value was found in a rat 
which contained nearly 11 per cent. of fat; this would account for the 
apparent poverty of water, for if the fat be deducted from the weight of 
the body the remainder contains 67°51 per cent. of water, a figure which 
agrees with the other analyses. 

The weights of the various organs of two rats were also determined 
and in one case as much muscle and fat as possible were removed by 
simple dissection. The organs were weighed with the blood which they 
contained and a little skin was left upon the feet and tail. The results 


expressed in absolute and in percentage weights are given in the 
table. 


TABLE, 
Alimentary 
Total Body canal of 
Buck 306 188°9 23°3 27 25 87 
Il. 139°], 861%, 106%, 38%, 12%, 1:19, 
Buck 15499 26°61 126°44 16°36 7°04 8°12 1°21 1:35 2°43 
VI. 17°2°, 816°, 10°6°/, 51°), 5°2°/, 0°8°/, 0°99, 1°6°%, 
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TABLE—continued. 
Remainder of 
Brain and body=skeleton, Pm oat Sum of Loss of 
Rat Spleen Heart fat, ete. (cut of ) _. (cut off) weights = 
Buck 10 1-1 135°9 214°1 54 
Tl, 04%, 0°5%, 61-99), 


Buck 0°37 0°62 1-60 81-89 48°39 4-41 15130 369 
VE (02%, 10%, 206%, 28%), 


IV. The eachange of material during (a) Fasting, and (b) Feeding. 
Thirty-eight determinations of the respiratory exchange were made 
upon four rats, which in some of the experiments were in a fasting 
condition, in others were well fed; the shortest period was half-an-hour, 
the longest extended over four days The detailed results of these ex- 
periments in which only the respiratory exchange was determined are 
given in Table I., whereas Table II. relates to the total respiratory and 
nitrogenous metabolism of two rats, one of which at the end of the 
experiments was killed and analysed. 

‘In the first place the respiratory exchange may be considered in 
relation to the effects of fasting. The results show that the exchange 
quickly reaches a minimum and then remains remarkably constant 
during a prolongation of the fast. The following figures are taken from 
Table IL: 


Carbon 
Water dioxide 
of 
cgrms. cgrms. Remarks 


29 81 85 Period of 1 hr. caloulated from 20 hrs. 
Rat III. 27 32 81 _ Period of 1 hr. 
9s Csé81 81 Period of 1 hr. calculated from 2 hrs. 47 mins. 
30 30 80 Period of 1 hr. calculated from 28 hrs. 
32 83 35 —_— Period of 1 hr. 


In the case of rat III. the fast had lasted forty-six hours and a half, 
in the case of rat IV. four hours, before the first determination of the — 
respiratory exchange. Another point of interest is the difference in the 
size of the two animals; the former weighed 123 grms., the latter 
85 grms. The respiratory exchange, however, is practically the same 
in the two cases; the smaller animal has the more energetic exchange, 
it has a greater surface in relation to its mass than has the larger 
animal and this, as Rubner has shown, is an important factor; more- 
over, the smaller rat was young and not full-grown, and for these reasons 
would have a more energetic combustion even apart from the question 
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TaBLeE I. 
No-of | dioxide | Oxygen, Date and | Rat 
expt | corms, | corms. grms, aad 
| 28. iv, 02 | 
1. 3 | 41 81 | 096 | 24011 | 2.56—3.26 p.m. 166° | ghr | 
(46)" | (82) (62) 
25. iv. 02. 
2, age 0°39 | 28942 | 12.15—215pm. | 170 | 2hrs.| ,, | 
8. | 083 | 28798 | 2.16—8.15 p.m. lhr. | ,, 
2.v.08 2 
4. 15 41 2 096 | 234-72 | 2,20—2,50 p.m. 145 | | | 
(30) | (82) ) | 
5. 35 85 72 | 086| 283-70 | 10.45—11.45am. | 145 | Lhr. | 
| 14. ix. 08 
6. 87 58 57 | 068 | 17680 |11.20a.m.—12.20p.m.| 140 | Lhr. | V. 
175°97 
7. 91 72 | 092 | 175°89 1—2 p.m. 140 | |, | 
185°18 
15. ix. 08 
8. 46 71 82 | 0-68 1738 10.50—11.50a.m. | ‘138 | lhr. | ,, | § 
71 
58 91 71 098 12.10—1.10 p.m. lhr. | 
10. 63 95 72 | 0°96 1.10—2.20 p.m. Iphr. | ,, 
(54) | (81) | (62) 
11, 46 65 | 098 | 189-55 8—4 p.m. 
17. ix. 08 | 
12. 50 84 67. | 0-91 1.8—2.8 p.m. 146 | lhbr. | ,, 
13, 43 89 60 | 1°08 | 18882 2.8—8.8 p.m. | » 
18. ix. 08 
14, 112 84 | 097) 19515 | 2.45—8.45 p.m. 
| 28. ix. 08 
15. | 46 82 56 1:07 | 186-85 2—8 p.m. 
16.)| 52 89 ‘68 1512] 186-18 3—4 
24. ix. 03 
17. 56 92 62 | 108| 19917 | 2.15—8.15 p.m. 18 | 
18. 25 49 81 | 1:15 | 191-81 | 8,15—8.45 p.m. | 
(50) | (98) | (62) 190°88 7 
: 25. ix. 08 
19. | 62 56 | O81 | 18431 | 2.80—3.80 p.m. 
| 183°70 
29. . 
20. (| 107 | 184 86 | 1:18 | 17469 12—2 p.m. 188 | Qhrs.| | 7 
(58) | (67) | (48) | 
21. 47 64 48 | 097 | 178-14 2—3 p.m. lhr. | 
| | 17261 
1X. 
22. 52 14 46 | 117 isis 8.30—4.80 p.m. is8 | ihr. | 


* The figures in brackcts are the caléulations for period of one hour. 
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No food during expt. 
4. Fed on -meal. Rectal temperature 86°5 at the beginning, 37° at the end of 
expt. during expt. 


5. Posts Be Rectal temperature 37° at the end of expt. No food during expt.t 


6. Buck rat not fall-grown. Fasting. 
7. Ate 9-98 grms. mixture barley-meal, sugar and watert. 


8. Fasting 21 hours, 

9. Food given at 12.4p.m. Feeding. 

10. Feeding, then coiled up. | 

11. Coiled u apparently asleep. Had eaten 21°18 grms. mixture barley-meal, sugar 


12. Given food four hours before expt., rat had previously fasted 41 hours. Feeding. 


14, Feeding. Rat ate 33°82 grms. mixture barley-meal, sugar, cabbage, bread and water 
between 9°52 a.m. and 8.45 p.m. Previous fast of 19 hours. 


15. Rat ate 27 of horse-flesh between 3.45 p.m. 22nd and 9.2 a.m. 28rd, and 9 grms. 
sugar, cabbage, bread and water between 9.11 a.m. 
1 p.m, 28rd. 

16. No food between 1 p.m. and 4 p.m. 23rd. 


17. Rat ate 13 grms. of horse-fivsh between 5.15 p.m. 23rd and 7.43 a.m. 24th, and 
19 grms. mixture barley-meal, sugar, cabbage, bread and water between 7°43 a.m. 
and 1 p.m. 24th. 

No food between 1 p.m. and 4 p.m. 24th. 


Rat ate 20 grms. horse-flesh moistened with 7 0.0. of water between 6.16 p.m. 24th 
and 1.30 p.m. 25th. 


18, 

19. 

20. Rat ate 48 grms, mixture end 
between 6 p.m. 28th and 11 a.m. 29th. 

21. No food between 11 a.m. and 8 p.m. 

22. 


Rat ate 44 grms. mixture horse-flesh, barley-meal, sugar 
between 6.17 p.m. 29th and 2 p.m. 30th. Ne tend during exes. 


+ Indicates that feces and urine were passed during the expt. 


Remarks 
EEE 
1, Rat full-grown, old buck. Fed on barley-meal. Rectal temperature 36°5 at the F 
beginning, 37° at the end of expt. No food during expt.t 1 
3 
| 3. Fed meal, Rectal 88° at th 
, on : at the 37° at the end 4 
| 
q 
q 
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Tas.e II. 
Respiratory exchange 
charged sorbed ¢ 
- 93. | 578 | 682 | 698 |066)198-27| 3p.m.4.vi.to | | 20h. | TI. 
11810; 11 a.m. 6. vi. 
24, 27 32 81 | 0°75 | 11810 |lla.m.tol2noon| 190 | lh. | 
11782 5. vi. 
25. | 78| 985 | 87 |0-71|117°82|  12n00n to 
117-06] 2.47 p.m. 5. vi. 47 m. 
26, | 1244! 1104 820 | 0°98 | 118°84| 3 p.m. 5. vi. to 17°75 | 2h. | ,, 
11 a.m. 6. vi. 
27. 44 63 41 | 1°12 lla.m, to12noon| 17°75; lh. | 
28. 77 108 81 | 0°97 12 noon to 2 p.m. 3h. | » 
29. 80| 47 | 87 | 0-92) 129°54 | 2p.m. to2.47 p.m. 47m. | 
107 155 118 | 0°96 12 noon to 2h. 
2.47 p.m. 47 m. 
30. | 694| 686 | 698 |0-71| 85-04 |3.5 p.m. 22. vii.to| 17 | 23h. |IV.| Rat had fasted four hom: 
78°22 | 2.5 p.m. 23, vii. 
31. 82 83 35 | 0°68; 78°22 2.5 p.m. to | ih. is No food. 
77°92 3.5 p.m. 
| «686; 89 | 0°82 3.27 p.m. to Lh. | von at 330 
p.m. 
88. | 954 | 654 | 1-06 4.27 p.m. 28. vii. 19h. | ,, | 
to12.5p.m. 24. vii. 38 m. 19 
nd 37°0 grms. water. 
34. 86 102 64 | 1°16 12.5 p.m. to 18 Shi ts 
2.5 p.m. 
85. | 25; | 81 2.5 pm: to 
3.5 p.m. 
rat 
36. | 1021 1810 | 860 |1-11| 87°44/ 8.86 p.m. 24. vii. 23h. | ,, | During this period n 
90°70 | to 3.5 p.m. 25. vii. 30 m and 31°1 grms. of 
Also 9°58 grms. of arta 
root and water. 
37, 771 | 1089 | 717 | 1°14 3.47 p.m. 25. vii. 19h. | , During this period rat 
to.11.5.a.m. 26. vii. 18m.| 14608 
| including 9°93 grms 4: 
88. 50| 54 |. 86 92°01] 11.6a.m. to 
12.5 p.m. 
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I].—continued. 
Intake of food in grms. Output. Feces and urine in grms,_ 
8rd day of fasting 065 | -065 | -41| --41 | -21 | No fesces 
* 3 | 
fis-21 ‘B35 | 209 | 1:09) 52 | 40 | | +054 | 1:76| +-38 | “91 | 46 pieces of 
| 
One day of fasting 080 | --080 | -50| ,, 
378 | 2-96] 62 | 47 | -207| +171 | 1-29/ +107 | 67 ,, 
257 | 1-61 | 40 | | +073 | +46 | 60 
308 | 192/ 1:00| -45 | 384 | 209} +09 | 1:36) +°56 | 
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of surface and mass, as Sondén and Tigerstedt have shown in the case 
of children. ‘Too much stress, however, must not be laid upon the close 
agreement of the data for rat III. and rat IV., for each animal appears 


‘to possess a personal equation. Thus in rat V., which weighed 176 grms., — 


a considerably higher respiratory exchange was observed during fasting. 


The data are not strictly comparable, for the experiments on this rat — 


were not continuous and the external temperature was about five degrees 
lower than it was in the other cases. 
The qualitative changes in the respiratory exchange are shown by 


an examination of the respiratory quotients during the periods of 


fasting (Expts. 6, 8, 23, 24, 25, 30 and 31); the values are ‘68, ‘63, °66, 
‘75, ‘71, ‘71 and ‘68. Some of these figures are below the theoretical 
value for an animal feeding upon fat and it is probable that these cases 
are to be explained as Zuntz and Chauveau suggest, by the conversion 
of some of the proteid or fat of the body into glycogen and sugar. This 
will be discussed in a later. part.of this:paper. 


The amounts of oxygen absorbed and of carbon dioxide discharged 
during the experiments upon feeding can be best compared with the 


values obtained when the same animal had by fasting reached its — 


minimal respiratory exchange. This is a more reliable method than the 
usual one in which the respiratory.exchange is expressed for one 


kilogramme of body-weight and one hour. Mass is not the.chief factor — 


which determines the magnitude of the combustion in the body ; even 
if it were, it is obvious that in any comparison of the weights of an 
animal under different conditions the contents of the alimentary canal 
must be considered, for these may amount to five per cent. of the body- 
weight. 

During the period of feeding with a diet'rich in carbohydrates the 
output of carbon dioxide was greatly augmented, but the absorption of 
oxygen did not show such a marked increase; in fact in three or four 
cases there was a decrease. The effect of food is well marked within an 
hour ; the respiratory quotient rises from 0°68 to 0°92 and steadily 


increases during the next two or three hours. The highest quotients 
were observed when a hungry rat was fed with a liberal supply of horse- — 


flesh, barley-meal, sugar, cabbage, bread and water and then kept 


without any food for an hour or two before the determination of its — 


respiratory exchange. In this way quotients as high as 1:17 were 
obtained. It is probable that during some portion of the long experi- 
ments still higher values occurred, for an examination of Table II. will 
show that the respiratory quotient in Experiment 37 was 1°14 for a 
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period of nearly 20 hours and in Experiment 36, which lasted 234 hours, 
it was 1'11; even during the period of sixty-six hours (Expts. 383—38) 
the quotient was as high as 1‘1; the rat was free to feed at any time 
and the influence of the one meal would not pass off for several hours 
and would be reinforced by a subsequent meal. 

The comparison of the feeding with the fasting periods which is 
given in Table III, shows that the high quotients are not due to a 
decrease in the absorption of oxygen, for in nine cases out of twelve 
there was an increase varying from 9 to 35 per cent. during the periods 
of feeding. In every case the output of carbon dioxide was raised 
during feeding, the increase varying from 14 to 97 per cent. Thus it is 

- clear. that the rise in the quotients is due to the increase in carbon 
dioxide’, The decrease, which was observed in the absorption of oxygen 
in three experiments may be due to differences in the muscular activity 
of the rat, for it was noted that the rat soon after its meal coiled itself 
up and appeared to sleep. 

The rise in the quotients is not ee to the muscular activity of 

; feeding, for the highest values were observed two, three, or even more 
hours after the meal, and at a time when the animal was lying down 
coiled up and taking a rest after its meal. The higher quotients on the — 
second day of feeding are also evidence against the view that the 
increase in the output of carbon dioxide is entirely due to the digestive 
work of the alimentary canal. When the rat was fed upon horse-flesh 
_.  filone the respiratory quotient was 0°81 and the output of carbon dioxide 
"oe was very low and contrasts markedly with the output after a meal rich 
in carbohydrates. 

As regards the possibility of carbon dioxide arising from the 
fermentation of food or of excreta, it is only necessary to state that the 
food was fresh and the excreta acid, and to point out that some of the 
highest quotients were observed when there were no traces of food or 
excreta in the respiration-chamber. Moreover in the experiments 
made by one of us upon a marmot during the deposition of fat there 
were high quotients in twenty-two determinations on seventeen days, 
the mean of which was 1°21, the maximum 1°39 and the minimum 
1°04; in these cases there was no possible source of carbon dioxide 
other than the animal and the contents of its alimentary canal. 
Fermentation in the alimentary canal would not explain the high 
respiratory quotients found in the case of the omnivorous rat; the 


1 See Table IIL, column 10. 
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cellulose husks of the barley-meal the rat did not appear to utilize, 
for it either rejected them during feeding or discharged them in the 
feces. An attempt was made to extract the gas from the alimentary 
canal of a rat killed during full digestion, but only two or three small 
bubbles, too little for analysis, could be obtained. Even in purely 
herbivorous animals the rise in the quotient from this suggested cause 
would only be to 1°07, if we take Wolfers’ calculation, which is based 
upon the data obtained by Colasanti in the case of guinea-pigs. 

_ The fact that in this series of experiments respiratory quotients 
below unity were obtained in sixteen determinations after the rat had 
fed well upon food rich in carbohydrates shows conclusively that food 
alone is not the cause of high quotients and affords a strong argument 
against the view that quotients above unity are due to fermentation 


in the alimentary canal, muscular activity, digestive work or errors of 


experiment. For the production of high quotients there appears to be 
one constant condition, the deposition of fat. This condition occurs in 
the marmot in a most pronounced but at the same time natural form 
during the autumn ; provision is thereby made for the winter sleep. In 
the rat high respiratory quotients were constantly obtained when the 
animal with an appetite stimulated by a previous fast had eagerly 
devoured a large quantity of food rich in carbohydrates and was 
increasing in weight. The hunger acts as a marked stimulus to the 
metabolic processes and not only to the digestive system, for it has been 
shown that the rise in the quotients does not reach its maximum until 
some hours after the meal, and it is well known that the after-effect of 
hunger is a more rapid growth, increased weight and increased 
deposition of fat, even when the comparison is made with the normal 
condition of the animal. * 

Hence the explanation of these high respiratory quotients must, at 
present at least, be sought in the conversion of carbohydrates into fats, 
a chemical change accompanied by the splitting off of carbon dioxide, 


The equation suggested by Hanriot to represent, this change is : 


18C,H,.0, = + 28C0, + 26H,0. 


The formula for the fat is a hypothetical one to represent the mean. 
composition of fats, oleostearopalmitin, but a similar equation can be 
given for olein or stearin. According to this equation 100 grms. of 
glucose would during its transformation into fat yield 21°8 litres of 
carbon dioxide. 
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_” According to Meiss]’s calculation 100 grms, of starch could give rise 
to 41°] grins, of fat, 47°5 grms. of carbon dioxide and 11°4 grms. of water. 
Bleibtreu takes the composition of pig’s fat as an example and — 
calculates that 27006 grms. of glucose would yield 100 grms. of fat, 
54°61 grms, of water and 115°45 grms. of carbon dioxide. 

It is possible from these data to obtain some idea of the quantity of 

fat deposited by the rats III. and IV. In Experiment 27 (Table III.) 

the quantity of carbon dioxide which was discharged in one hour was 

0°63 grm., that of the oxygen absorbed was 0°41 grm.; the quotient is 
therefore =1:12. If the carbon dioxide had arisen only 
from the combination of carbon with the oxygen absorbed the value 
should be: =1. The carbon dioxide derived from 

_ the carbon and intramolecular oxygen would therefore be 0°63 —0° 57=' 

006 grm. Now during the formation of 100 grms. of fat from carbo- 

hydrate 115°45 grms. of carbon dioxide can be set free; 0°052 grm. of 

fat, therefore, would have to be deposited in one hour in order that the 
carbohydrate might at the same time yield 0°06 grm. of carbon dioxide 
and so raise the respiratory quotient of the rat to 1°12. 

_ Similar calculations made for Experiments 32—35, 36 and 37—38 
(Table IIL) give 0°59, 1:13 and 1°09 grms, as the values of the fat 
deposited in the first, second and third days of feeding. The analyses! 
of the animals show that there was sufficient fat and increase of weight 
to support the conclusions drawn from these calculations. 

It is possible also to calculate from the data for the total respiratory 
and nitrogenous exchange the production of heat by the animal during 
the different periods. According to Rubner’s experiments and calcula- — 
tions 100 grms. of the nitrogenous part of the living body undergoing 

combustion during hunger yield 15°4 grms. of nitrogen in the urine and 
feces and require for combustion 133°61 grms. of oxygen, producing 
thereby 143°7 grms..of carbon dioxide and 43°47 grms, of water. — 
Furthermore 1 grm. of nitrogen in the excreta of the fasting animal 
corresponds to a production of 24°94 calories, These data were used by 
Zuntz and Lehmann in their calculations of the production of heat by 
we fasting men Cetti and Breithaupt. 

_ The following calculations made in a similar way apply to rat IV. 


1 See pp. 325, 326. 
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Expts. 80, 81 (Tables II. and III.).. Period of 24 hours, fasting. : 


0, absorbed=7-88 grms.; CO, discharged = 7-19 grms. 
2 
7 Total output of nitrogen in 24 hours=-080 grm. 
: 138-61 
0-69 grm. O, for oxidation of proteid. 


7-83 -69=6°64 grms, O, for oxidation of fat. 
grm, CO, from oxidation of proteid. 
| 7:19 —-75=6°44 grms, CO, from oxidation of fat, 
O, for oxidation and yields 2°80 grms. CO,. 
+, ealoulated from the oxygen the fat consumed by rat IV.= =9°80 grms, 


calonlated from the carbon dioside the fat consumed by rat 1V.= = 2°90 gems. 


1 grm. N, in the excreta of the fasting animal = 24,940 calories. 
the heat produced from proteid and =080 N, x 24,940= 1,995 calories 


in 24 hours by the rat IV. which weighed } =2-30 Fatx 9,423=21,678 
78 grms. at the end of the day preengg ma 


23,668 


= 12,648 calories. 


of the fast 


A similar calculation from the data given in Expts. 23—25 gives for 
the fasting rat III. a combustion of 2°65 grms. of fat and a total produc- 
tion of heat 26,585 calories in 24 hours. The rat weighed 117 grms. at 
the end of the day, therefore the production of heat per kilo and hour 
is 9,469 calories during the third day of the fast. 
ty - Calculations have also been made for the production of heat by the 
rats during feeding and are given in the following table :— 


| Animal Condition per hours hour 
Rat III. 8rd day of fast 117 26,585 cal. 9,469 cal. 
1st day of feeding 129 32,812 10,554 
Rat IV. 1st day of fast 78 23,668 12,643 
7 Ist day of feeding 87 26,613 . 12,451 
2nd ” gl 29,460 13,534 
8rd ” 9 92 29,546 13,380 : 


The estimations of the nitrogenous metabolism are chiefly of value 
in the consideration of the process of combustion in the animal and in 
_ the calculation of the heat produced. The periods of observation are 
| too short. and the experiments too few to justify any definite conclusions 
__ 88 to the nitrogenous exchange in rats during fasting and feeding. The 
Pe nitrogen excreted per kilo and day by rat III. on the third day of the 
PH. XXXI. 23 
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fast, when no feces were passed, was 0°55 grm. This agrees with the 
figures 0°45 to 0°69 obtained by Rubner for guinea-pigs in the condition 
of fasting. 

The increase in the nitrogenous metabolism during feeding is shown 
in Table II. and in this connection it must be remembered that the 
feeces and urine were analysed together. 

The loss and gain in weight of the animals nine the periods of 
fasting and feeding are given in Table II. Rat III. lost 5 per cent. of 
its weight during the last day of its three days’ fast, and-since no fices 
were passed during that day it may be concluded that the alimentary 
canal was at that time free from food-material. On the first day of 
feeding it gained 10°6 per cent. of its fasting weight, or 5 per cent. of its 
original weight, that is to say, it made up 5 per cent. loss, and gained 
5 per cent. more weight. It has already been shown’ that, the contents 
of the alimentary canal of a rat in full digestion amount to about 5 per 
cent. of its weight ; if, therefore, allowance be made for this it follows 
that the increase in weight of rat ITI. on the first day of feeding was no 
more than the loss of weight during the last day of the fast. Rat IV. 


lost 8 per cent. of its weight in one day’s fast and gained 10°9, 36 and 


1:4 per cent. on the three following days during which it was well fed. 
The rat possesses a very active metabolism and during hunger loses 
weight more rapidly than bigger animals, thus the daily loss of weight 


in the ease of the dog, the cat and the guinea-pig is 2, 3 and 5 per cent. 


of the body weight (Mtihlmann). 

The gain in weight of rat IV. exemplifies the fact observed by 
Seeland, Barfurth and Noé that an animal fed after a fast will rapidly 
increase in weight and often exceeds its original weight. The previous 
hunger acts as a marked stimulus to the assimilation of food. 

It was formerly thought that all fat disappeared from the body when 
death occurred from starvation. This opinion, however, was founded 
upon the appearance of the body at a post-mortem examination and is 
not supported by analyses; indeed, the observations of Schimanski 
and Ochotin show that there may be considerable quantities of fat 
visible to the naked eye in hens and rabbits, which, after losing about 
20 per cent. of their weight, have died of starvation. Béhtlingk even 


goes so far as to assert that in the later stages of starvation the deposit 
of fat is protected as much as that of nitrogen. His analyses for the 


average composition of five mice which had fasted three days and three 


houre agree ae with those obtained for rat lil, which had fasted 


* p. 826. 
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three days and again for a similar period after an intervening period of 
twenty-four hours during which it was well fed. The analytical results 
for the mice were 3°58 per cent. of nitrogen and 2°58 per cent. of fat; 


for the rat TIT. the corresponding figures were 3°56 per cent. and 2°68 


per cent. The mice had lost 35 per cent. of their weight, the rat only 
20 per cent ; this difference would be explained by the relative metabolic 
activities of animals so different in size. | 
The proportion of water in the mouse and the bat has been found to 
be 68 to 71 per cent. (Bezold), and the analyses of Béhtlingk gave for 
mice 64°8 to 72°2 per cent. of water, after the contents of the alimentary 
canal had been removed. The following figures give a comparison of the 


results obtained from the analysis of the fasting rat III. and the four fed 


rats with those found by Béhtlingk for mice. 


Percentage of:— Fasting rat III. Fed rats Five fasting mice Five fed mice _ 
Water 69 67 (average of 4) 71 67 
Nitrogen — 3°6 8°1 (average of 3) 
Fat 27 6°8 (average of 3) 2°4 109 


From these figures it appears that a fasting animal not only contains 
less fat and more proteid, but also more water per cent. of its weight. 

Sedlmair found that cats which had fasted twenty-eight to thirty- 
five days contained 67 and 65 per cent. of water as compared with 
65 per cent. in the normal animal. It is obvious, however, that any 
apparent increase in the percentage of water during starvation may 
be due to the removal of fat, for the starved body will be more fully — 
composed of tissues which contain water. 

Thus Béhtlingk found that if the weight of fat were subtracted, 
the other tissues contained less water than in the normal case, in the 
proportion of 73°2 to 75°4. The data for the rats used in the present 
research at the first glance show the same thing, for the percentages of 
water for the fasting rat and for the fed rats are 70°66 and 71°12, after 
the weight of fat has been subtracted. No stress, however, can be laid 
upon this point, for the figures from which the mean value for the fed 
rats was obtained are 74°40, 67°51 and 71°46, and one of these lies below 
the figure yielded by the fasting rat. The present analyses, therefore, 
do not show a definite difference in the percentage of water contained in 
rats during fasting and feeding. i 

IV. Work of previous observers. It would be impossible within the 
limits of this paper to discuss fully the extensive literature upon the 
nitrogenous and respiratory metabolism during hunger and feeding. An 
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attempt, however, will be made to trace the progress of knowledge by 
reference to the chief work upon the subject, especially upon those 
particular points with which the present research is concerned. = 

"Phe earliest work is that of Lavoisier, who showed that in man 
food caused an increase in the absorption of oxygen and in the discharge 
of carbon dioxide. The next point of interest to note is that Liebig 
maintained that an animal possessed the power of increasing its supply 
of oxygen by the formation of fat from carbohydrates and that this 
especially occurred when the amount of oxygen absorbed by the lungs 


ahd skin was insufficient to oxidise the carbon contained in the carbo-. 


hydrate. | 

The classical research of Regnault and Reiset clearly showed for 
the first time the influence of fasting and feeding upon the respiratory 
exchange. The respiratory quotient of an animal varied from 0°62 to 
1:04 according to the nature of its food; during fasting the respiratory 
exchange of a herbivorous animal resembled that of a carnivorous animal, 
for it was living upon its own flesh; an animal fed upon corn often 
discharged combined with carbon as carbon dioxide a quantity of oxygen 


greater than that which it absorbed by respiration. They contested the — 


view of Lavoisier that the combustion in the living body was simply 
the union of oxygen with carbon and hydrogen to form carbon dioxide 
aud water; the phenomena: were, they maintained, more complex; 
transformations of various kinds also occurred which resulted in the 
discharge of incompletely oxidised bodies, such as urea and uric acid. 

Numerous experiments were made by Pettenkofer and Voit upon 
man, by means of the respiration-chamber which was constructed by 
Pettenkofer. The results showed that the data from the respiratory 
exchange furnished valuable evidence of the quality and quantity of the 
food-material undergoing combustion in the body. Although these 
observers laid the foundations of nearly all the modern work upon 
metabolism, there is one criticism to be made upon the determinations 
of the respiratory exchange ; the values for the oxygen absorbed are in- 
exact, owing to the moisture which might be deposited upon, or taken 
from, the walls of the respiration-chamber. 7 

In 1880 Finkler published a series of observations upon the 
temperature and respiratory exchange of guinea-pigs subjected to a 
prolonged fast. He found that there was only a slight decrease in the 
absorption of oxygen during the progress of the fast, but the: discharge 
of carbon dioxide at first decreased rapidly, the respiratory quotient 
falling to 07. From this constancy in the intake of oxygen the 
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conclusion was drawn that the production of heat remained at a similar 
level to ‘that maintained by the well-nourished animal and that the 
decrease in the output of carbon dioxide was not a sign of diminished 
production of heat. The internal temperature of the animal remained 
constant and there was no sign of diminution in the loss of heat from its 
body. The fall in the respiratory quotient from 0°9 to 0°7 was evidence 
of a change from the oxidation of pio to that of ancien 
and fat. : 

Speck maintained, as the result of numerous observations upon 
himself, that quotients equal to or greater than unity did not occur and 
such values found by other observers were to be regarded as errors. On 
the other hand Hanriot found that the respiratory quotient of a hungry | 
man rose to. 1°25 after the consumption of fifty grammes of grape sugar 


_ dissolved in water, and this result he explained by the theory that. 


carbohydrate was converted into fat, carbon dioxide and water according 


to the following equation : 


13C,H,,0, = C,,H,0, + 23CO, + 26H,0. 


The above formula for oleostearopalmitin is given by Hanriot to 
represent the mean composition of the fat of the body. 
The work of Zuntz and von Mering, Wolfers and Magnus-Levy 


upon the influence of food — the respiratory exchange has been 


discussed in a previous paper’. In a few cases these observers obtained 
respiratory quotients above unity, but these they consider are due to 
the formation of marsh gas and hydrogen and the liberation of carbon 
dioxide during the fermentation of vegetable food in the alimentary. 


. ¢anal, This explanation would not suffice for omnivorous and carnivorous 


animals, and in eight of the experiments made by Magnus-Levy upon 
a dog fed with carbohydrate the quotients vary from 1:01 to 1°06 ; these 


results might, as Magnus- -Levy maintains, be explained by slight 


errors in the methods of analysis, for the majority of the values are 
below unity. All of these observers admit the possibility of quotients 
above unity in those cases in which a very liberal diet of carbohydrates 
leads to the deposition of fat. Nevertheless they criticise adversely the 
high quotients which were observed by Hanriot. 

The most important research upon the effect of hunger upon the 
respiratory and nitrogenous exchange is that carried out by Lehmann, 
F. Miller, Munk, Senator and Zuntz upon the two fasting men 
Cetti and Breithaupt. The absorption of oxygen was remarkably 
constant during the whole period of the fast; the respiratory quotient 


Pembrey. This Journal, xxvu, p. 418, 1901. 
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fell'on the first day of the fast to 0°72 and on the second day to 0°68, 
a value which was maintained throughout the experiment; in two 
observations the quotients were 1°09 and 1:12 after Breithaupt had 
received carbohydrate food; the respiratory exchange was increased 
when food was taken after the fast, but twelve hours after the last. meal 
the absorption of oxygen fell below the value observed during the fast. 
Zuntz and Lehmann consider that the very low. quotients are due 
to the formation of carbohydrate from the proteid in the body; the 
quotients above unity probably arise from the formation of fat from 
the carbohydrate of the food, for a previous fast appears to accentuate 
the formation of fat ; and the decrease in the absorption of oxygen some 
hours after a meal is attributed to the fact that carbohydrates yield 
more heat from their oxidation than do fat and proteid, when the 


consumption of oxygen is equal in the two cases, and thus the man — 


can satisfy his needs of energy by a smaller absorption of oxygen. The 
increase which is observed in the respiratory exchange after a meal is 
held to be due to the digestive work of the alimentary canal and not 
_ to the formation of fat. 

Hanriot’s views receive support from Laulanié, who has observed 
the great increase in the combustion and the rise in the respiratory 
quotients, even above unity, in dogs fed with an abundance of bread or 
suger. 

Many observers, Finkler, Rubner, Hanriot and Richet, Zuntz 


and Lehmann, Magnus-Levy, Johansson, Landergren, Sondén 


and Tigerstedt, have found that the metabolism during hunger falls to 
its minimal value in about twénty-four hours and then remains fairly 
constant. In fact upon this point there is a most satisfactory agreement. 
_ Newton Heinemann, Frentzel and Reach observed respiratory 
quotients as low as 0°668 and 0697, and mention as a possible 
explanation the view of Zuntz that the cause is to be found in the 
splitting off of carbohydrate from proteid and its deposition as glycogen. 
A quotient 1:002 was observed by Frentzel and Reach and it might, 
as they suggest, be due to the formation of fat from the excess of 
carbohydrate taken in the food. These low and high quotients, however, 
they are inclined to explain as errors of experiment, for an error of 
0'1 per cent. in the analysis of oxygen and of carbon dioxide, which, as 
shown by the controls, is within the errors of the methods of analysis, 
would alter the quotients to the theoretical values 0°707 and 1°000. ° 
Bleibtreu obtained quotients as high as 1°38 in the case of geese 
fattened by forced feeding with food rich in carbohydrates; the rise in 


the quotient above unity is, he maintains, due to the splitting off of 
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carbon dioxide from the carbohydrate during the formation of fat. In 
one goose the respiratory quotient was as low as 0°690 during hunger. 

Koraen made experiments upon himself in order to determine the 
influence of feeding upon metabolism; he found that the effect of 
carbohydrate food upon the output of carbon dioxide was a rise which — 
persisted for four hours. He points out that the contrast between the 
effects of carbohydrates and of other foods renders doubtful the view of 
Zuntz that the increase in the respiratory exchange is due solely to the 
digestive work of the alimentary canal, and he suggests that the tissues 
of the body, especially the muscles, may be directly stimulated to: 
increase metabolism by the sugar which is absorbed. 


V. SUMMARY AND CONCLUSIONS. 
The chief results of the research and the sonniusions drawn from 


- them may be briefly stated as follows: 


1. The percentage composition of well-fed rats is 17 to 22 part 
proteid, 4 to 11 fat, and 60 to 70 water. 


2. Arat after fasting for three days contained 2°68 per cent. of fat, 
or only 1 per cent. less than that of a normal animal which served as 


' @ control, It was impossible, therefore, to correctly estimate from 


control analyses the fat present in another animal. 
3. During fasting the respiratory exchange quickly reaches a 


- minimum, and then remains remarkably constant during the prolonga- 


tion of the fast. 

4. During fasting the respiratory quotient falls to ‘75 or even to 
63. The figures below the theoretical value for an animal feeding upon 
fat are probably to be explained, as Chauveau suggested, by the 
conversion of fat into glycogen and sugar. 

5. The respiratory exchange during feeding can be best compared 
with the values obtained when the same animal had by fasting reached 
its minimal respiratory exchange. The animal is the unit. The 
common statement of the value of the respiratory exchange for 
1 kilogramme of body-weight is misleading. | 

6. The effect of food rich in carbohydrates upon the respiratory 
exchange is well marked within an hour, and steadily increases during 
the next two.or three hours. The increase in the output of carbon 
dioxide varied according to the conditions from 14 to 97 per cent. of the 
minimal discharge during hunger; the increase in the absorption of 
oxygen was 9 to 35 per cent., but in three cases it fell below the 
minimal discharge during hunger, namely, — 13, — 24 and — 21 per cent. 
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This decrease in the absorption of oxygen may be explained, as Zuntz 
and Lehmann suggest, by the fact that carbohydrates yield more heat: 
from their oxidation than do fat and proteid, when the consumption of © 
- oxygen is equal in the two cases, and thus the animal can satisfy its 
needs of energy by a smaller absorption of oxygen. On the other hand 


it might be due to diminished muscular activity after feeding. 
4%. The respiratory quotient after a meal rich in carbohydrates may 
_ rise to 1°17 and may remain for a period of 20 hours as high as 1:14. 


The high quotients are due to an increase in the discharge of carbon 


dioxide and not to a decrease in the absorption of oxygen. . 

8. The explanation of the respiratory quotients above unity is to 
be sought, as maintained by Hanriot, in the conversion of carbohy- 
drates into fats, a chemical charge ee by the splitting off of 
carbon dioxide. 

9. The increase in the discharge of carbon dioxide after a meal rich 
in carbohydrates appears to be due to a general increase in the 
metabolic processes of the body, including the formation of fat, and not 
solely to the work of digestion. 

10. Calculations based upon the theory that the quotients above 
unity are due to the formation of fat give 0°59, 1:13, and 1:09 grms. 
as the amounts of fat deposited in the first, second and third days of 
fasting. 

‘11. Calculations based upon the data for the total respiratory and 
nitrogenous exchange give 2°30 and 2°65 grms. as the daily amounts of 
fat which underwent combustion in the fasting rats. © 

12. Calculations based upon the data for the total respiratory and 
nitrogenous exchange give for the heat produced during 24 hours 
26,585 and 23,668 calories for the fasting rats and 32,812 and 29,460 
calories for the same animals after feeding. 


13. A fast preceding a meal serves as a marked stimulus to the 


assimilation of food. 
14, Rats during fasting lose 5 to 8 per cent. of their weight in 24 


hours and during the first day of feeding gain a similar weight, when — 


allowance is made for the food in the alimentary canal. 


15. The respiratory quotient is probably the resultant of quotients 
above and below the theoretical values for the combustion of proteids, 
carbohydrates and fats, 


A verbal communication of this research was made to the Ph iological 
Society in July 1903. ae 
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THE PROTECTIVE ' VALUE OF PROTEIDS AND ‘THEIR 
DECOMPOSITION PRODUCTS ON TRYPSIN. By- 


H. M. VERNON, M.A, MD,, Fellow of Magdalen College, Oaford. 
(From the Physiological Laboratory, Oaford.) 


Ir was shown by Falk’ that the retardation exerted by a small 
~ amount of hydrochloric acid upon the amylolytic action of saliva was 
much. diminished if peptone were present. This might be due, he 
thought, to the peptone combining with the acid. Chittenden and 
Ely? found that peptone would also prevent sodium carbonate from 
exerting its retarding action upon saliva to a large extent, whilst 
Langley and Eves’ confirmed Falk, and concluded with him that in 
acid solutions the favouring action of the peptone is due mainly to its 
combining with the acid. 


Observations of Langley and Edkins* upon pepsin showed that in 


the case of this ferment likewise the destructive action of sodium car- 
bonate is diminished by the addition of proteids. This was probably due, 
they thought, to the alkali combining with the proteid, “for the greater 
the amount of sodium carbonate present, the greater must be the amount 
of proteid to lessen appreciably the destruction.” 

As regards the tryptic ferment, Biernacki’ has found that albu- 
moses, amphopeptone and antipeptone exert a considerable protective 
value. The trypsin of pancreatic extracts is entirely destroyed when 
kept for 5 minutes at 50°C. with from ‘25 to 5°, Na,CO,, but if 
albumoses or peptones be added it has to be heated to 60° before under- 
going a similar rapid destruction. Salts such as the sulphate, chloride, 


phosphate or nitrate of ammonium act similarly, but ammonium 


carbonate and magnesium and sodium sulphates have no protective 


1 Falk. Virchow’s Archiv, uxxxtv. p. 119. 1881. 

* Chittenden and Ely. Amer. Chem. Journ, rv. p. 107, — and this Journal, 111. 
p. 327. 1882, 

3 Langley and Eves, This Journal, rv. p. 18. 1883. 

‘ Langley and Edkins. This Journal, vu. p. 871. 1886. 

5 Biernacki. Zeit. p. 49, 1891. 
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action whatever. Biernacki observed. that the trypsin of true 
pancreatic juice is much more resistant to temperature than that of 
pancreatic extracts, owing, he supposed, to the proteids present. Finally 
Bayliss and Starling’, working with pancreatic juice, have found that 
the auto-destruction of the trypsin is markedly diminished by the 
presence of proteids such as egg albumin, caseinogen and commercial 
peptone. 

We may probably conclude, therefore, that most if not all ferments 
are to some extent protected from the destructive action of acids or 
alkalies or high temperature by the presence of proteids. The evidence 
on the whole seems to indicate that such protection is exerted mainly 


by the proteid combining with the acid or alkali present, and so pre- 


venting it from reacting upon the ferment; but it might also be held to 
argue that some combination or interaction takes place between ferment 
and proteid. If such be the case, a detailed examination of the 
conditions and extent of the protective influence might be expected to 
yield some evidence as to the nature or mode of action of the ferment 


- molectile. The results described below show that the former alternative 
is in the main the correct one, though they show that in certain cases a 


combination of ferment and proteid does occur. 


The method employed. 


. The method of experiment employed was the simple or one which has 
been described in a previous paper*. It consisted in keeping a small 
quantity of a glycerin extract of pig’s pancreas for 1 hour at 38°C. in 
the presence of sodium carbonate and from ‘1 to 4°/, of the proteid or 
other substance under observation, the total volume of ferment, alkali, 
and proteid being in all cases made up to 5c.c. The mixture was then 
added to a known amount of finely chopped fibrin (previously allowed 
to swell for an hour at 38° in 1°/, Na,CO,) in a centrifugal tube. The 
tube was filled up to the 10c.c. mark with water or Na,CO,, so that the 
actual digestion of the fibrin always took place in the presence of 
‘4°/, NaCO, and half the percentage of proteid originally mixed with 
the ferment. From the time of digestion of 80°%/, of the fibrin the 
digestive power of the trypsin was determined in the usual way. From 
a control experiment in which the pancreatic extract and proteid were 
run direetly into a tube of swollen fibrin, it was possible to calculate the 


1 Bayliss and Starling. 1904. . 
‘This Journal, xxvi. p. 405. 1901. 
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destructive effect of exposure to the action of Na,CO, at 38", and also to 
determine how far the digestive power of the trypsin was = 
affected by the presence of the proteid. 

The proteids used in the experiments to be described were obtained 
from G. Griibler, and most of the other substances used from E. Merck. 


The protective influence of Witte’s ciaiies 

In the experiments made with Witte’s peptone the destructive effect 
of various concentrations of alkali upon trypsin was investigated, and also 
the effect of water containing noalkali at all. From the data given in the 
table, we see that when diluted pancreatic extract was kept for an hour 
at 38° without any alkali or peptone, 25 °/, of the trypsin was destroyed. 
In the presence of *1°/, of peptone the amount destroyed was reduced 
to 12°/,, whilst in the presence of 1 °/, or more of peptone there was no 

Relative tryptic of forment destroyed in 1 hour at 88° in 


value in presence 
“water p.c. *4 p.c, Ipc. 
Pancreatic extract alone 100 25 49 58 67 
» + p.c. Witte’s peptone 12 42 
» “Spc. ” 6 7 17 44 49 
” 1 p.c. ” 104 +38 9 25 28 
” 2 p.c. ” 98 +1 +8 § 13 
” 4 p.c. ” «88 5 0 +9 


_ destruction whatever. Even a small quantity of alkali greatly affected 
the stability of the trypsin, for in the presence of ‘1 °/, Na,CO, 49°/, of 
the ferment was destroyed. The addition of 1°/, of Witte’s peptone 
now had comparatively little influence on the stability of the trypsin, 
but the addition of *4°/, reduced the destruction rate to 17°/,. Larger 
quantities of peptone further increased the stability, till with 2°/, or 
less of peptone the ferment underwent no destruction at all. As would 
be expected, *4°/, and 1°/, of Na,CO, destroyed still larger percentages 
of the trypsin, and the Witte’s peptone, though it exerted some protec- 
tive action even when present in small amount, had to be correspondingly 

increased in order to protect the ferment absolutely. Thus in presence 
of 1°/, Na,CO, nearly 4°/, of peptone was required, and in presence of 
“4°/, Na;CO, about 2°/,. 

Though these data show a close parallel to subsist Sais the 
relative amounts of alkali and peptone, yet they indicate that the action 
of the peptone cannot be merely one of chemical neutralisation of the 
alkali present. As will be shown later, the peptone may roughly 
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speaking be considered capable of neutralising about half its weight 
of sodium carbonate, or *1°/, Na,CO, would require ‘2°/, of peptone for 
neutralisation, and so on. A solution containing 1°/, of Na,CO, and 
1°/, of peptone would therefore contain ‘5 °/, of free Na,CO,, and should 
accordingly destroy more trypsin than a solution containing ‘4°/, of 
Na,OO, and no peptone. Asa matter of fact we see that it destroyed 
only 28°/, of the ferment as against 58°/,, so the peptone must have 
continued to exercise a protective influence in spite of its being 
neutralised. Again, it can be calculated roughly from the above data 
that in presence of 1°/, Na,CO,+1°8°/, of peptone (7.¢. of *1°/, of free 
Na,CO,) the ferment destroyed would have been about 15°/, ; in presence 


of *4°/, Na,CO,+°6°/, peptone about 35°/,, whilst in presence of ‘1°/, 


Na,CO, and no peptone it was 49°/,. Even if it be assumed that the 
peptone has the power of neutralising an equal weight of sodium 
carbonate we still find that peptone + excess of alkali has less destruc- 
tive effect than pure alkali, hence it looks rather as if the peptone 
combined to some — extent with the ferment, and so increased its 
stability. 

In the second ‘ile of the above table are given the relative 
digestive powers of the trypsin when acting in the presence of the 
peptone. Taking the digestive power when no peptone was present 
as 100, we see that within the limits of experimental error the tryptic 
value was unaltered by the addition of from ‘05 to 1°/, of peptone (1.e. 
of “1 to 2°/, of peptone diluted 1 in 2), but that with 2°/, of peptone it 
was diminished by 12°/,. The probable explanation of such a wong 
slight retardation of digestion will be given later on. 

In a few of the observations made with from 1 to 4°/, of peptone it 
will be seen that the tryptic value was apparently greater after exposure 
to the action of sodium carbonate at 38° than when not exposed at all. 
Such discrepancies are due to experimental error. The estimations of 
tryptic value are liable to an error of about 5°/,, and in that the per- 
centages given in the table are dependent on two such estimations, there 
may be a maximal error in them of 10°/,. Asa rule, however, the error 


~ was much smaller than this. 


The protective influence of various proterds. | 
The protective influence of various native and hydrated proteids— 


upon trypsin was determined in a similar manner, the pancreatic extract 
being kept for an hour at 38° with -4°/, Na,CO, and from ‘4 to 4°, of 
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the proteid under observation. The percentages of trypsin destroyed 
are given in the right half of the table, and from them it may be 
gathered that all proteids have roughly speaking the same protective 
power. In presence of *4°/, of proteid, whether albumin or a globulin, 


Spec iIpe apo  @%pe 4 pc, 
Serum albumin 94 73 63 44 17 18 
102 90 86 8 
Syntonin (muscle) 95 9 92 #78 
Protoalbumose 95 100 86 82 - 49 29 10 4 
Deuteroalbumose 95 108 98 79 50 29 9 6 
Antipeptone (Kiihne) 102 100 97 84 48 19 8 10 

Witte’s peptone 97 104 98 88 44 25 5 0. 
i} 101 10 100 81 8 


caseinogen or syntonin, or of a hydrated proteid such as an albumose 
or peptone, we find that from 40 to 50°/, of the trypsin was in all cases 
destroyed, as against the 56°/, destroyed when no proteid at all was 
present. In the presence of 1°/, of the proteid 27 °/, of the ferment was 
destroyed on an average ; in the presence of 2°/, of proteid about 12°/,, 
and in presence of 4°/, of proteid, about 7°/,. Probably the albumoses 
and peptones have a slightly greater protective power than the native 
proteids, for the mean amounts of trypsin destroyed in the presence of 
‘4, 1, 2 and 4°/, of the former bodies were 460, 24°6, 8'4 and 5°6°/, 
respectively, whilst the mean amounts destroyed in the presence of 
similar percentages of albumin, paraglobulin, crystallin, vitellin, 
caseinogen and syntonin were 44°0, 28°8, 14°2 and 8°7°/, respectively. 
Again, in the last line of the table are given the values obtained with 
a solution of Witte’s peptone of which 81°/, had been hydrolysed into 
products no longer yielding the biuret test by the prolonged action of 
trypsin and of intestinal erepsin. These values show that proteid 
decomposition products exert if anything a greater protective action 
upon the ferment than either hydrated or native proteids. 

In the left half of the table are shown the relative digestive powers 
of the trypsin when acting in the presence of from ‘2 to 2°, of the 
various proteids. Except in the case of serum albumin and paraglo- 
bulin very little retardation was exerted. The mean of the tryptic 
values obtained in the presence of “2 and ‘5°/, of all the proteids except 
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the two mentioned is 99°3, that obtained when no proteid was present 
being 100. In presence of 1°/, of proteid the mean value fell to 93°9, 
and in presence of 2°/, to 82:2, or showed. some distinct retardation. The 
departures from these mean numbers shown by the various values in 


the table are doubtless due in chief part to experimental error, and so 
the percentages of ferment destroyed by the ‘4°/, Na,CO, in the presence 


of the various proteids were calculated against the mean values, and not 
the individual ones. 

The considerably greater retardation exerted by serum albumin and 
paraglobulin may have been due to their being contaminated with small — 
quantities of the antiferments which are known to be present in blood 
serum. As will be mentioned later on, however, there is another | 
proteid, viz. egg albumin, which undoubtedly possesses a most marked 
antitryptic action. 


The protective influence of proteid decomposition products. 

It has already been pointed out that peptone when hydrolysed into 
decomposition products seemed to exert even more protective action 
upon trypsin than when undecomposed. Observations were made in 
addition upon the protective value of various single decomposition 
products, as well as of other substances, and the results obtained are 
collected in the table. As regards proteid decomposition products, we 
see that aspartic acid and glycocoll had a greater protective value than 
proteids, the amounts of ferment destroyed in presence of 1 and 2°/, of 
the former body being 16 and 4°/, respectively, and in presence of the 
latter 27 and 7°/,, whilst the corresponding mean values for proteids 
were 27 and 12°/, respectively. The protective value of leucin was 
somewhat smaller than that of proteids, the amounts of ferment 
destroyed in its presence being 35 and 18°/, respectively, whilst. urea 
had no protective value whatever, the amounts of ferment destroyed 
being 53 and 50°/,. The explanation of these marked differences lies 
in the fact that the protective value which ‘any proteid, proteid 


_ decomposition product or other substance exerts upon trypsin depends 


almost solely on its power of combining with and neutralising the alkali 
acting upon the ferment. In the second column of the table are given 
the numbers of parts of sodium carbonate which can combine with 100 
parts of each substance, and so be prevented from acting on the 
ferment. It will be seen that each of the first four substances recorded 
in the table, viz. ammonium chloride, aspartic acid, alloxan and glycocoll, 
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has a considerable combining power, and so exerts a correspondingly — 
great protective action upon the trypsin. The next five substances, — 


which have ‘oaly about half as _ a ere power, possess on an 


NagOOs : pc. of ferment Mean p.c. of ferment 
p.c. 1 pc. 1 pc, 2 p.c. 2 p.c. 

Ammonium chloride 99 104 82 15 5 
Aspartic acid 80 95 81 16 19 
Alloxan 76 90 28 19 15 
Glyeocoll 71 lll 94 27 7 
Taurin 42 105 96 20 il 

Asparagin 40 108 97 23 il 

Leusin 40 97 35 18 95 
Hippuric acid 108 88 20 10 
25 112 74 27 
Cholalic acid 18 100 111 49 25 
Glycocholic acid ll. 104. 110 47 2| 47 24 
Taurocholic acid 88 79 44 25 
Creatin 82 90 44 
Urea 101 89 53 50 
Sodium acetate 89 - 81 49 53 
Sodium tartrate 87 84 43 35 50 49 
Sodium chloride 96 84 55 41 
Lactose ; 97 88 §1 47 
Maltose 97 89 50 52] 
Dextrose 97 100 56 «86 


average a distinctly smaller protective action, whilst the next three 
substances, with only about a seventh the combining power, have a 
much smaller protective action still. Finally the remaining eight 
substances in the table, which have no combining power whatever, have 


correspondingly no protective action. Thus in their presence 50°/, of 


the trypsin was destroyed, whilst when no substance was present at all 
- 53°/, was destroyed. The combining or neutralising power of a 
substance does not necessitate its having an acid reaction, for we see 
that neutral bodies such as ammonium chloride, glycocoll and leucin 


acted just as well as the markedly acid aspartic acid or hippuric acid. 


All these bodies, however, can react with sodium carbonate to form 
stable sodium salts and free carbonic acid (or in the case of ammonium 
chloride, ammonium carbonate, and of glucosamin hydrochloride, free 
glucosamin), but these substances do not destroy the ferment or affect 
its course of action to any extent. 

In the last two columns of the table are given the means of the 
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percentages of trypsin’ destroyed in the presence of the various 
substances. These have been split up arbitrarily into four groups, 
according to their combining power for sodium carbonate. It will be 
seen that the protective power of the second group, including such 
bodies as leucin and hippuric acid, is about the same as the mean 
protective power of similar amounts of proteids (25 and 11°/, of ferment 
being destroyed in presence of 1 and 2°/, respectively of substance, as 
against the corresponding values of 27 and 12°/, for proteids). Now on 
hydrolysis, proteids are found, according to Cohn', to yield about 40 to 
50°/, of their weight of leucin, whilst casein yields 4°5°/, of tyrosin and 
30°/, of glutaminic acid. Certain of the products of hydrolysis such as 


_ glucosamin and ammonia do not react with the alkali at all, and hence 


we may probably conclude that the total combining power of all the 
products of hydrolysis of a proteid is somewhat greater than that of 
leucin and tyrosin, but much smaller than that of gliftaminic and 
aspartic acids. Now 100 parts of the former bodies combine with 40 
and 29 parts respectively of sodium carbonate, and of the latter bodies 
with 72 and 80 parts respectively of sodium carbonate. Hence probably 
the whole proteid decomposition products have the power of combining 
with about 50 parts or less of sodium carbonate. 

We saw above that the protective value of hydrated proteids was 
slightly greater than that of native proteids, whilst that of more or less 
hydrolysed peptone was somewhat greater still. _ Nevertheless the 


- imerease was only slight, and so it would seem as if most of the COOH 


groupings which are present in the products of proteid decomposition 
are likewise present as such when forming part of the complex proteid 
molecule, and in either condition are capable of combining with any 
molecules of alkali brought in their neighbourhood. This conclusion is 
at variance with that of Hofmeister?, who considers that the amido- 
acid nuclei in the proteid molecule are linked together by an NH, 
grouping of one nucleus uniting with a COOH grouping of another to 


form a \CH—NH—CO— grouping. If such were the case, then 


more than half of the COOH groupings would be required for this 
purpose, and so lose their power of combining with alkali. Accord- 
ingly the neutralising power of proteids should be less than half as 
great as that of their hydrolytic decomposition products. i 

Probably the protective action of proteids upon ferments is almost 


Cohn. Zeit. f. physiol. Chem. p. 158, 1896 and xxvt. p. 395. 1899. 
* Ergebnisse der Physiologie, 1. p. 787. 1902. 
PH. XXXI, 24 
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entirely one of mass action. The ferment molecules presumably have 
similar structural relationships and affinities to the proteid molecules, 
and hence when alkali is added to a mixture of proteid and ferment, it 
attaches itself to these substances in proportion to their relative masses. 
If a large quantity of proteid is present, then the ferment is unable to 
annex more than a very small proportion of the alkali, and vice versa if 
only a small quantity of proteid is present. Presumably once the alkali 
has combined with the ferment it begins to destroy it, the rate of 
destruction being proportional to the amount of alkali combined. 

In order to render more convincing the proof that the protective 
value of a substance depends on its combining power with alkali, some 
experiments were made in which the ferment was mixed with protective 
substance plus the amount of sodium carbonate necessary to neutralise 
it completely. In such a case, as can be seen from the data given in the 
accompanying table, practically no protective action was exerted. 


Glycocoll, of which 1 and 2°/, previously reduced the amounts of — 


ferment destroyed by sodium carbonate to 27 and 7 °/, respectively, now 
permitted the destruction of 54 and 52°/, respectively. The other 
substances investigated showed a similar loss of protective power. 
Instead of adding ammonium chloride + sodium carbonate, the simpler 
procedure of adding free ammonia was adopted. The sodium carbonate 
now caused the destruction of 65 and 62°/, of the trypsin, so probably 
the free ammonia of itself exerted some destructive influence. As can 
be seen from the data given in the left half of the table, it distinctly 


Substance (neutralised) 

p.c, 1 p.c. lp.c 2p.c. 
Glycocoll 78 71 54 52 
Leucin 78 65 54 41 
Hippuric acid | 76 72 89 -B9 
Glucosamin hydrochloride 87 85 43 42 
(Ammonium hydrate) 90 65 65 62 


retarded the digestive action of the ferment. Thus in presence of 1 °/, 
of free ammonia the tryptic value was reduced to 65°/, of its normal 
amount. In the case of the other substances there was likewise a 
considerable retardation. This was probably due in chief part to the 
greater alkalinity of the medium in which the ferment was now acting, 
for as can be seen from the data given in the previous table, there was 
very little retardation exerted when no extra alkali was added. More- 
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over it has been shown in a former paper’ that. as a rule the digestive 


power of trypsin is considerably diminished by increased alkalinity and — 
increased by senate alkalinity, the optimum alkalinity being 
generally about ‘05 /, N We find, accordingly, that the addition 
of substances with sirasbdeistls neutralising power may distinctly 
increase the digestive activity of the trypsin. Thus glycocoll, gluco- 
samin hydrochloride and bile acids all enhanced the activity of the 
trypsin when present in suitable proportions, whilst on the contrary the 
addition of 1°/, of aspartic acid or of alloxan not only completely 
neutralised the alkali, but rendered the digestion mixture distinctly acid, 
and so reduced the digestive power of the trypsin to less than a third 
its normal value. On the other hand none of the substances which 
possessed no neutralising power had any accelerating or special retarding 
influence upon the trypsin. In ‘5°/, solution they retarded the ferment 
slightly, and in 1°/, solution rather more considerably. We may 
presume, therefore, that proteids likewise tend to delay the digestive 
action of trypsin upon fibrin, but owing to their power of neutralising 
the sodium carbonate, this tendency is more or less masked. Had the 
digestions been carried out in more dilute alkali, doubtless their retarding 
influence would have been much more apparent. 


The antitryptic action of egg albumin. 

We have seen that of the eleven proteids mentioned above only two, 
viz, serum albumin and paraglobulin, even moderately retarded the 
digestive action of trypsin on fibrin. Egg albumin, however, forms a 
remarkable exception to this rule. Experiments were made both with 
filtered egg white and with crystalline egg albumin, and in each case 
the retardation was extremely marked. As can be seen from the data 
given in the table, the digestive action of the trypsin fell to half its 


p.c. of ferment 
value 4 hour at with Tryptic value hour a with 
Pancreatic extract alone 100 56 100 56 
+ *05 p.c. of proteid 49 23 29 19 
Spe. 5, 89 5 13°6 10 
6 p.c. ” 20 +17 8°4 8 
10°9 +19 29 
5% +28 


1 This Journal, xxvmt. p. 388, 1902. 
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normal value when in presence of ‘05°/, of egg white proteids, and to a 
tenth of its value in presence of 1°/,. Pure egg albumin delayed the 


action of the ferment still more, 05 and 1°/, of it lowering the tryptic 


value to respectively 29 and 2°9°/, of its normal amount. Even ‘017°, 
_of egg albumin, or 1 part in 6000, reduced the tryptic value to 45°/, of 
the normal. 


In the third and fifth columns of the table are given the percentages 


of trypsin destroyed when the ferment was kept for an hour at 38° with 
*4°/, Na,OO, and twice the amounts of egg white or egg albumin given 
in the first column of the table. It will be seen that the apparent 
protective action upon the trypsin was very marked. In the presence 
of *4°/, of egg white only 5°/, of the trypsin was apparently destroyed 
instead of 45°/, as in the case of the other proteids, whilst in presence of 
from 1 to 4°/, of egg white the tryptic value was actually enhanced. 
The explanation of this apparent anomaly is a simple one. Egg 
albumin, on exposure to the action of sodium carbonate and trypsin at 
38°, is speedily converted into alkali albumin and is then to some extent 
digested and converted into albumoses and peptones. These digestion 
products of albumin retard the action of the trypsin on fibrin considerably 
less than undigested albumin, and hence the tryptic value is apparently 
increased. By keeping some of the ferment with ‘4°/, Na,CO, and egg 


white for 24 hours at room temperature before allowing it to digest the _ 


fibrin, it was found that the tryptic value, as subsequently determined, 
might be as much as 70°/, greater than the value obtained when similar 
quantities of ferment and egg white were added straight to the fibrin to 
be digested. 

The antitryptic action of egg albumin persists to a considerable 
extent even after it has been coagulated by heat. Thus a sample of 
trypsin when acting upon fibrin in the presence of ‘2°/, egg albumin had 
its digestive value reduced to 12°6°/, of the normal. When some of this 
albumin in 1°25°/, solution had been previously heated to 60°C. for 15 
minutes, it still slowed the action of the trypsin almost as much as 
before. When heated another 15 minutes to 70° it began to lose some 
of its antitryptic action, but this loss was not much increased on heating 
another 15 minutes to 80°, even though the albumin seemed to have 
undergone complete coagulation. In fact it was not until the albumin 
had been heated to 100° that it began to lose a considerable amount of its 
antitryptic action. From the table we see that after being heated for 
3 hours to 100° C. (the vessel containing it being plunged into boiling 
water and the large lumps of. coagulum formed being broken up 
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mechanically into small fragments) it still diminished the digestive 
power of the trypsin to 62°/, of its normal value. Presumably still more 
prolonged heating would have further reduced the antitryptic action, 
but it does not look as if even indefinitely continued heating would 
have destroyed it altogether. 


Trypsin acting in presence of Tryptic value 
‘2 p.c. egg albumin ... 
previously kept for 15 mins. at 60° 
” ” ” ” ” 70° 156 
” ” ” ” ” 80° 
” ” ” ” ” 20°0 
’ ” ” ” ” 100° 27°9 
”? ” ” ” 1 hour at 100° 58°2 
” or ” ” 8 hours at 100° 62°0 


This antitryptic action of egg albumin is presumably due to its 
combining with the trypsin molecules by means of “ side-chains,” and 
so delaying or preventing their digestive action. Not only is digestion 
delayed, but its course is to some extent altered. Under normal 
conditions the trypsin attacks the swollen fibrin at once, and causes its 
volume to diminish steadily from the very beginning of digestion. 
When egg albumin is present, however, the fibrin remains undiminished 
in volume during the first third or more of the total digestion time, 
and then rapidly passes into solution. However, if boiled fibrin be 
used instead of swollen unboiled fibrin, the course of digestion is just 
the same in each case, though the egg albumin still retards the action 
of the trypsin as much as before. 

It should perhaps be mentioned that in all the above described 
experiments in which the effects of proteids and other substances upon 
the digestive activity of trypsin was determined, such a quantity of 
pancreatic extract was used as would take about 35 to 45 minutes to 
digest 80°/, of the fibrin in the centrifugal tubes. That is to say the 
digestion time was kept as far as possible constant, whilst the quantity 
of ferment was varied. Supposing, for instance, that *1 cc. of pancreatic 
extract were used under normal conditions, then if some of the extract 
were previously exposed to the action of *4°/, Na,CO, at 38°—whereby 
about 50°%/, of the ferment was destroyed—? c.c. of the extract would — 
be used for digestion. Again, if the extract were to be allowed to act 
in the presence of egg albumin, as much as 1 c.c. of it might be employed, 
but under no conditions was this volume of 1 c.c. exceeded. 
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SUMMARY. 


The protective value of various substances upon age was 
estimated by keeping pancreatic extract with -4°/, sodium carbonate 
and a known percentage of the substance for 1 hour at 38° C. and 
determining the amount of trypsin thereby destroyed. As a rule the 
protective value depends almost.-entirely upon the power the substance 


possesses of neutralising. the alkali, and so rendering it incapable of 


reacting upon the ferment. 

Most proteids have practically the same protective. value, about 45 °/, 
of the trypsin of an extract’ being destroyed per hour in presence of 
‘4°/, of proteid, 27°/, in presence of 1°/,, 12°/, in presence of 2°/,, and 
7°/, im presence of 4°/, of proteid. When no proteid was present 56 °/, 
of the ferment was destroyed. Hydrated proteids have a slightly 
_ greater protective value than native proteids, and the decomposition 
products of proteid hydrolysis a slightly greater one still. The 
protective value of individual substances depends solely upon their 
power of neutralising alkali, ¢.g. aspartic acid and glycocoll have a some- 
what greater protective value than proteids, leucin and hippuric acid 
have about the same value, bile acids have considerably less, whilst urea, 


creatin and the sugars have none at all. Also if the acid radicles in the 


various substances be previously neutralised by the addition of alkali, 
they entirely lose their protective power over the ferment. 

In certain cases there is a combination between ferment molecule 
and proteid. Thus egg albumin possesses a most marked antitryptic 
action, the digestive power of the ferment being reduced to 29 and 
2'9°/, of its normal value in the presence of ‘05 and 1°/, of the proteid 


respectively. Also a mixture of Witte’s peptone with sodium carbonate 


sufficient for its complete neutralisation can exert a considerable 
protective action upon the ferment. 


The expenses of this research were defrayed by a grant from the Govern 
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ON THE ACTION OF OXYGEN AT LOW AND HIGH 
PRESSURE UPON THE CORNEAL ENDOTHELIUM. 
By G. BULLOT, Assistant in Physiology at the University of 
California. (Eight Figures in Text.) 


A paper published by me some years ago’ dealt with a series of 


observations made on the effects of oxygen at low pressure on the 
endothelium of the cornea. In another paper shortly to be published 
in the Journal de Physiologie et de Path. gén. is described a second 
series of observations on the effects, on the same tissue, of oxygen 


at high pressure. 


In the present paper I desire to indicate a relation which might — 


exist between these two series, and to propose an interpretation for it. 

Concerning the effects of oxygen at low pressure the following facts 
were observed : 

(1) If the entire enucleated eyeball of the rabbit, with its epithe- 
lium scraped off, is placed in an atmosphere of moist air at 35° C. it is 
observed that, after 15 hours, the endothelium which covers the posterior 
surface of the cornea is still living over the entire surface* (Fig. 1). 

(2) - If, instead of being exposed to ordinary air, the eyeball is placed 
in a mixture of 1 part air and 14 parts hydrogen, which is equivalent to 
air rarefied to ,, the endothelium, after the same length of time, is 
seen to be dead over the entire surface (Fig. 4). The same result is 
obtained with pure hydrogen. _ 


1G. Ballot. Bulletin de Ul’ Académie des Sciences de Belgique, 1900, 

* The proof that the endothelium is living is yielded by the fact that it does not stain, 
since it is a general character of living tissues not to stain or, at least, to stain very slowly, 
while dead tissues are stained instantly. If, for instance, the cornea being detached soon 
after the extirpation of the eyeball, some drops of a 1°/, aqueous solution of methylene 


blue are brought into contact with the endothelial surface for half a minute, and the | 


methylene blue is then washed out in the physiological solution, the surface remains 
entirely colourless. It would have stained dark blue had the endothelium been killed 
previously. In fact, when death occurs through agents which do not fix the endothelium 
at the same time, the staining of the corneal surface is not due to the staining of that. 
tissue itself because after death it exfoliates. In such cases the Descemet membrane and 
the connective tissue fibres of the stroma alone take the colour. 
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| (3) When the air is less rarefied, only to } or to #,-the endothe- — 


lium remains alive. At the periphery, however, it is found to be dead 
within a circular zone limited by a sharp line. This zone is broader in 
air rarefied to ; than in air rarefied to } (Figs. 2and 3). The explana- 


tion of the death of the whole endothelium when the air is rarefied — 


to x is, of course, quite simple. The tension of the oxygen being too 


low, the endothelium is killed through asphyxia. But in those cases in — 


which air rarefied to } and to , is used, why does the endothelium die 


at the periphery only? It seemed that this could not be due to 
asphyxia, as the endothelium was still living in the central part, and 
the best way to look at it was to suppose that, owing to the rarefaction 


of the air, some nutritive disturbances occurred in the ciliary body all 
around the cornea. A toxic substance was thus formed which, diffusing 
in the anterior chamber, killed the peripheral endothelium. The greater 
the rarefaction the greater was the quantity of the produced substance, 
and the broader the zone of killed endothelium. Such was the 


‘explanation: incidentally given in the first of the papers referred to 


above, and this question being a secondary one as far as that paper was 
concerned I did not pay any more attention to it until the time I had 
to study the effects of compressed oxygen on the corneal endothelium’, 
then the following was observed. 

(1) When the entire eyeball of the rabbit is kept during 15 hours 
or more at a temperature of 35°C. in pure oxygen at 1 atm., the 
endothelium remains alive in its entirety. The same is true when the 


oxygen is compressed to 2 atm. (Fig. 5), and even to 2°2 atm. | 
: (2) When the oxygen is compressed to 2:4 atm. the endothelium ~ 


is partly killed, this time no longer at the periphery, as was the case 
for rarefied air, but in the centre within a circular region with a sharply 
defined contour (Fig. 6). : 

(3) When the oxygen is compressed to 3 atm. the circle of dead 
endothelium is broader, and this, to such an extent, that-only a very 
narrow zone of living. endothelium remains at the periphery (Fig. 7). ° 

(4) And it is only when the pressure is increased to between 3 and 
4 atm. that the endothelium is killed in toto (Fig. 8). 

In this series the local death of the endothelium at 2°4, and 3 atm. 
cannot be attributed to the interference of a cause different from the 
action of the oxygen, as it was supposed in the series with rarefied air. 


_, At seems clear that it is due to the action of the oxygen itself, and one 


* Through the classical researches of P. Bert, La pression barométrique, it is well-known 
that compressed oxygen is toxic for the entire organism as well as for the isolated tissues. 
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has to accept that, if, at those pressures, the endothelium dies in the 
centre and remains alive at the periphery, it is because the pressure of 
the oxygen is sufficient to kill it in the centre and insufficient to kill it 


4 4 
lows | | | 
an aun ot pura H 


(02 (0 =0,02am) (0 = 0,018 am) 


alm. O= 24 atm O = 3 O=4atm 
Fries. 1—8. Aspect of the posterior surface of the cornea of the rabbit when the entire 
eyeball has been kept for 15 hours, at 35°C., in oxygen at various pressures. The 
_ striated regions represent areas of dead endothelium. In Figs, 2, 8, 6 and 7 the 
line separating zones of living and dead endothelium is quite sharp and regular. 
I. Low pressures 
1. The endothelium is still living on the whole surface. 
living except on a narrow zone at the periphery. 


” ” ” 
a dead on the whole surface. 


. The endothelium is living on the whole surface. 


fe dead only on the central region. — 
ma » On @ larger zone, 
the whole surface. 


at the periphery. Moreover, the results obtained at 2°4, and 3 atm. 
show that the degree of compression at which death occurs 
increases gradually from the centre to the periphery. 

If now we consider again the facts connected with the actions of 
rarefied oxygen, we see that they may be interpreted in an entirely 
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different way than has been done at the beginning of this paper. The 
endothelium showing differences in its behaviour towards compressed 
oxygen according to its localisation on the corneal surface, we must 
‘admit that it can show also differences in its behaviour towards rarefied 
oxygen. In this case the death of the endothelium on the peripheral 
zone in air at } and +} is no longer to be attributed to the diffusion of 
some toxic substance from the ciliary body, but to insufficiency of 
oxygen, to real asphyxia, the degree of rarefaction at which 
death occurs increasing gradually from the periphery to the 
centre of the cornea. According to this, the comparison of the results 
of the action of rarefied air and compressed oxygen shows that the 
peripheral endothelium which is first to be killed through 
insufficiency of oxygen is, on the contrary, the last one to 
die from an excess of oxygen, while the central endothelium 
which is the last one to die through insufficiency of oxygen 
is the first one to be killed when exposed to an excess of 
this gas. 

The question must now be asked whether the difference manifested 
by the various regions of the corneal endothelium, in its behaviour 
towards oxygen, is due to a specific difference of the various zones of 
the endothelium itself, or if it is occasioned through the interference of 
some influence of the surrounding tissues acting unequally on the 
endothelium according to its situation on the cornea. It has not been 
possible to decide that question. One thing, however, is certain,— 
it is that the iris plays no réle whatever in the phenomenon. When, 


_. before the eye is submitted to oxygen compressed to 2°4 atm., a large 


iridectomy such as is made in cases of glaucoma is performed, the 
operation has no effect on the appearance of the circle of dead 
endothelium, It is, in every respect, the same as when the iris remains 
intact. If the iris protected in some way the peripheral endothelium 
against the toxic action of compressed oxygen, the endothelium ought 
to die in the region where the iris has been removed. Furthermore, in 
those cases of iridectomy in which the anterior chamber is not restored, 
so that the iris remains close to the cornea on its whole surface, one 
notices the same circle of dead endothelium asin the cases where the iris. 
occupies its normal position. No influence can be seen from the 
immediate neighbourhood of the iris. It is, therefore, not possible to 
say, for instance, that if the peripheral endothelium is less resistant to 
asphyxia and more to compressed oxygen, it is because the iris, being 
nearer the corneal surface at the periphery than in the centre, subtracts 
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more oxygen from the endothelial region than it does in the regions 
nearer to the centre. 

The influence of the iris being eliminated, that of the ciliary body 
has still to be considered. The latter could not be taken away without 
the complete destruction of the eyeball. The best way is to detach the 
cornea from the eyeball and to see if, on the isolated cornea, the rarefied 
or compressed oxygen would act in the same manner as on the cornea in 
situ. Unfortunately the endothelium could not be kept in a good 
condition on the isolated cornea and no satisfactory result was obtained. 
When the endothelial surface is left uncovered the endothelium 
becomes partially dry, whatever may be done to avoid this. When, to 
prevent evaporation, the endothelial surface is applied to a smooth and 
impermeable or moistened surface, the endothelium partially adheres to 
that surface or is partly destroyed through the manipulations to which 
it is submitted in order to establish the contact. 

In all attempts made, the detached cornea was applied to a glass 
ball of such a size that the cornea could be easily adapted to it. When 
the endothelial surface itself was brought into contact with the glass 
first moistened with aqueous humour, the endothelium was injured to 
such an extent that nothing distinct could be observed afterwards. No 


advantage was obtained by previously covering the glass with a layer 
_ of paraffin. When the endothelium was turned up it became partly dry, 


although care was taken to cover the cornea with a layer of aqueous 
humour. Then, in order to keep a permanent supply of water on the 
glass ball, its surface was covered with a thick layer of a solution of 


agar in the physiological solution NaCl and the cornea without its 


epithelium was applied to it. But here also, when the endothelial 
surface was turned up, it became dry; when it was applied to the agar 
surface, the endothelium was destroyed in many places, It seems then 
that, in order to succeed, such an arrangement ought to be made which 
would prevent the drying of the endothelium without any contact of 
that tissue with a solid surface. 

As direct data are actually lacking on the cause of the differences 
shown by the various regions of the endothelium towards the action of 
oxygen, but a single remark will be made which indicates that those dif- 
ferences, very likely, are not due to the absorption of oxygen by the ciliary 
body. It was said above that the central endothelium was already killed 
at 2°4 atm., while near the periphery it was killed only at 3 atm. This 
makes a difference of 0°6 atm. Thus the ciliary body ought to absorb — 
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enough oxygen to determine a diminution in the concentration of the 
dissolved oxygen corresponding to a fall of pressure of 06 atm. On the 
other hand, it is known through the works of P. Bert that entire 


_ organisms and isolated tissues absorb a smaller quantity of oxygen when 


the pressure is above 1 atm. than in ordinary air, and that the 
absorption of oxygen diminishes progressively with the increase in 


pressure. The ciliary body, therefore, does not absorb more oxygen at — 


3 atm. than in ordinary air, i.e. at 02 atm. In the air it could not 
absorb a greater quantity than the one which corresponds to a fall of 
pressure from 0'2 atm. td 0 atm., that is 0°2 atm. 02 being only the 


third of the difference observed, which is 0°6, the interference of the — 


ciliary body cannot account for the results obtained. 

Thus it seems more probable that the endothelium is not the same 
in all the regions of cornea and that its avidity for oxygen increases 
gradually from the centre to the periphery. In such a case, it is easy to 
understand that the peripheral endothelium which is the most in 
need of oxygen and therefore the less resistant to insuf- 
ficiency of oxygen is the one to best stand an excess of that 
gas, while the central endothelium which is the least in 
need of oxygen and therefore the most resistant to insuf- 
ficiency of oxygen is the one which is first killed by an 
excess of it. | 

Now why is it that the endothelium shows differences in its 
physiological properties according to its situation on the cornea? If 
the corneal epithelium were under question the answer would be 
easy. It is known that the regeneration of the epithelium in the 
normal state goes on principally in the peripheral regions. It is there 
that are to be seen most of the karyokinetic figures which exist always 
in the normal corneal epithelium. The tissue being more active at the 
periphery it would be reasonable to suppose that the want of oxygen is 
greater there. Is the same thing true for the endothelium? It may be. 
But as no karyokinetic figures are to be seen on the normal endothelium 
it is not possible to tell whether the same holds good for that tissue. 
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THE UNION OF DIFFERENT KINDS OF NERVE FIBRES. 
By J. N. LANGLEY, F.RS., anp H. K. ANDERSON, M.D. 


(From the Physiological Laboratory, Cambridge.) 


CONTENTS. 


The union of somatic nerve fibres with one another. 

The union of somatic efferent nerves with pre-ganglionic nerves. 
The union of pre-ganglionic nerves with somatic efferent nerves. 
The union of somatic affercnt nerves with pre-ganglionic nerves. 
The union of pre-ganglionic with post-ganglionic nerve fibres. 
The union of post-ganglionic with pre-ganglionic nerve fibres. 
The union of post-ganglionic nerves with somatic efferent nerves. 
Summary of results. : 

Remarks and general conclusions. 


Introduction. Flourens in 1828! was apparently the first to try 
whether the central end of one nerve could make functional union with 
the peripheral end of another. His well-known observations on the 
fowl proved that this was the case for the two main nerves qeoceming 
from the brachial plexus. 

Observations of a similar nature have been made on the mammal! 
by Rawa, Stefani, Howell and Huber, Cunningham, Forsmann, 
Kennedy and Bethe, with similar results. It has moreover been 
shown that the central end of the spinal accessory nerve can make 
functional union with the peripheral end of the facial*. 


1 Flourens. Ann. des Sci. Naturelles, 11. p. 113. 1828. 
* Rawa. Arch. f. (Anat. u.) Physiol. 1885, p. 296. 
Stefani. Arch. f. (Anat. u.) Physiol. 1886, p. 488. 
Howelland Huber. This Journal, xin. p. 335. 1892. 
Cunningham. Amer. Journ, Physiol. 1. p. 239, 1898. 
Forsmann, Ziegler’s Beitriige, pp. 212, 231. 1900. 
Kennedy. Phil. Trans. Roy. Soc. B. 194, p. 127. 1901 (Read Nov. 1900). 
Bethe, Allgemeine Anat. u. Physiol. des Nervensystems, Leipzig, 1903, p. 182 et seq. 
3 This operation was first performed by Ballance. See also Kennedy, op. cit. supra; 
Bredvoine, Chipaults’ Travaux de Neurol. Chirurg. 6™ Ann. p. 92; Ballance and 
Purves Stewart, Brit. Med. Journ. May 2, 1908; Cushing, Journ. ps waa and Mental 
Diseases, 1903, p. 367. ee 
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The results establish a probability that the central end of any nerve 
supplying skeletal muscle or skin can make fanctional connection with 
the peripheral end of any other similar nerve. 

Observations of an allied kind' were made by Philipeaux and 
Vulpian, by Schiff and Reichert and by Rawa. They joined the 
central end of the vagus to the peripheral end of the hypoglossal nerve, 
and found that the vagus acquired a certain degree of motor effect on 
the muscles of the tongue. Since the vagus contains efferent fibres 
for striated muscle, the result may be taken as a further instance of 
the power of cross union of the efferent fibres of striated muscle. 

A different line of research was started by an experiment of 
Schwann’s*®. He cut the sciatic nerve in a frog, and after an interval 


stimulated the peripberal ends of the anterior and posterior roots of the - : 


nerves making up the sciatic. He found that though contraction of 
the muscles of the lower leg was obtained by stimulating the anterior 
roots, no contraction was obtained by stimulating the posterior roots ; 
showing that the afferent fibres in the sciatic had not united with 
the efferent fibres. Steinrtick® made a similar experiment with the 
same result. In the mammal a similar experiment was made by Schiff¢. 
He cut the brachial nerves in a dog, and 14 months later, when move- 
ment and sensation had returned to the fore-limb, stimulated the 
anterior and posterior roots of the nerves. The peripheral end of the 
posterior roots gave no effect. 

_ Other experiments on the union of roots. and sensory fibres were 
initiated by Bidder’, who attempted a cross union of the hypoglossal 


and lingual nerves. Experiments on the same lines’ were made by © 


1 Philipeaux and Vulpian, Journ. de la Physiol. v1. p. 427, 1868. Schiff and 
Reichert; Schiff, Arch. des Sci, phys. et nat. 1885 (Gesam. Abh. 1. p. 729); Reichert, 
Amer, Journ. Med, Sci. N.S. 89, p. 146, 1885 ; Rawa, op. cit. supra. Ballance and 
Purves Stewart (op. cit.) quote Barrago-Ciarella as having successfully joined the 
vagus to the facial. 

* Schwann, Miiller’s Physiol. 8te Aufl. 1. p. 415. 

* Steinriick, quoted from Bidder, Miiller’s Arch. 1842, ?P- 1m. 

‘ Schiff. Gesamm. Abhandl.1. p. 724. | 

5 Bidder. Miiller’s Arch. 1842; p. 102. 

Schiff. Lehrb. d. Physiol. Lahr. 1. p. 188. 1858—59, 

Gluge and Thiernesse. Journ, de la Physiol. u. p. 686. 1859. 

Philipeaux and Vulpian. Journ. de la Physiol. v1.-pp. 421, 474. 1868. 

Vulpian. Legons sur la Physiol. gén. et comp. du Systeme Nerveur, p. 276. 
Paris, 1866 (quoted from Hermann’s Hand. u. Th. 1. p. 11). 

Rosenthal. Centralb. f. d. med. Wiss. 1864, p. cit. 
infra, p. 296). 

Bidder. Arch. f. -Anat. u. Physiol. 1865, p, 246. 
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_ was effective both central and peripheral ends of the nerves contained 


the sympathetic ganglia and post-ganglionic fibres arising in the 


‘it was shown that the vagus fibres which had united with the pre- 
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Schiff, Gluge and Thiernesse, Philipeaux and Vulpian, Vulpian, 
Rosenthal and again by Bidder. 

Vulpian’s later experiments’ went far towards proving that such 
motor effect as was obtained in the tongue when the central end of the 
lingual was joined to the peripheral end of the hypoglossal, was due to 
the chorda tympani fibres in it, and that the sensory fibres did not 
make functional union with the motor fibres. With regard to the union — 
of central motor fibres to peripheral sensory, the experiments are not of 
a nature to give any result, since stimuli do not pass back through 
motor nerve cells, A new line of investigation is here required, viz. 
the examination of the nerve-endings after time has been allowed for 
regeneration, to see whether they are of the normal sensory type. 

It will be noticed that in the foregoing cases in which cross union 


efferent nerve fibres supplying multinuclear striated muscle. An 
experiment of a different order was made by Rawa (op. cit. supra) 
though he did not himself regard it as such. He joined the central 
end of the hypoglossal to the peripheral end of the vagus*, and found 
that the hypoglossal acquired some inhibitory power on the heart beat ; 
the experiments are not entirely conclusive, since it is not clear that 
fibres may not have grown down from the central end of the vagus, and 
have been stimulated with the hypoglossal fibres. 

The observations of one of us on the sympathetic system led to a 
more definite knowledge with regard to two other classes. of efferent 
fibres, viz. pre-ganglionic fibres arising in the spinal cord and ending in 


sympathetic ganglia and ending in the tissues. It was natural then to 
make observations on the cross union of these. It was shown that pre- 
ganglionic fibres of different kinds could unite with one another and 


that post-ganglionic fibres of different kinds could unite with one . 


another*, Moreover it was found that pre-ganglionic fibres of cranial 
nerves (the vagus and chorda tympani) could unite with the pre- 
ganglionic fibres of the cervical sympathetic‘. By the nicotine method 


ganglionic fibres had become connected with the nerve cells of the 


1 Vulpian. Arch. de Physiol. norm. et path. 1873, p. 597. Op. also 1874, p. 704. 

* Flourens (op. cit. supra) joined the central end of the 5th cervical nerve to the 
peripheral end of the vagus, but did not find any sign of union between them. 

* Langley. This Journal, xxu. p. 215. 1897. 

‘Langley. This Journal, p. 240. 1898. 
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superior cervical ganglion, And it appeared from the one experiment 
made that pre-ganglionic fibres could not make functional union with 


post-ganglionic fibres’. 

Recently a considerable number of experiments on the cross union 
of nerve fibres of various kinds have been made by ourselves and by 
others. In this Paper we propose to consider what general rules can 
be deduced from them. 

Nomenclature. We use the term ‘somatic nerves’ in the usual and 
convenient, though inaccurate, manner to include (a) the efferent nerve 
fibres which arise in the brain and spinal cord and which have no nerve 


cells in their course and (b) the efferent fibres which arise from the 


spinal ganglia and from the similar cranial ganglia. 

We speak of two nerves as being ‘functionally united’ without 
prejudice to the question of the method by which the function is 
acquired, whether by histological union of the nerve fibres (the 
coalescence theory) or by down growth of the central axis cylinders 
(the out-growth theory). If the latter theory is true, the term func- 
tional union represents only the anatomical and physiological condition ; 
if the former theory is true, the term represents also the histological 
condition. 

In the case of efferent nerves, we speak of a central end as being 


functionally united to a peripheral end, when electrical stimulation — 


above and below the point of junction causes some peripheral motor 
effect. This implies that the peripheral end of the nerve including 
nerve-endings of some sort have regenerated, that there is continuity 
between the central and peripheral end, and that nervous impulses can 
pass from the central nervous system to the peripheral tissue, The 
term ‘functional union’ is sometimes used to mean more than this, viz. 
that the possible path from the central nervous system is in fact used, 
and in a normal manner. That is however a separate question’, 

We shall have little occasion to speak of the functional union of two 
afferent nerves, but when we do, we mean not simply that electrical 
stimulation of the peripheral end can give rise to a reflex, but also that 
the sensory nerve-endings have regrown, and are capable of Sacenitting 
impulses. 

In discussing such union as may take place between motor and 


sensory nerves and vice versd, the term functional union is best avoided, 


1 Langley. This Journal, xxv. p. 417. 1900, 
* In the abstracts of the experiments, we give for 
have noticed of the use of a united nerve by the central nervous system. 


re 
Ls hy 
Ne 
fi... 
x 
‘a 
ng 
3. 
le 
a 
a 
a 
g 


UNION OF NERVES. 369 


for in some of the conceivable unions there can hardly in the nature of 
the case be’ any function; thus if a motor nerve fibre were to unite 
with a sensory nerve fibre, an impulse set up in the united, nerve 
would be unable to pass back through the nerve cell and probably 
unable to pass outward from the nerve-endings. 

Animals and anesthetics. Our experiments have been made on 
cats and on two rabbits. In the preliminary. operation of section and 
union of the nerves, ether was used as an anesthetic; the operation 
was performed with antiseptic precautions and the wounds healed 
by first intention. During the final examination, chloroform was first 
given and then A.C.E. mixture by a tracheal tube. 

Abbreviations in the abstracts of the experiments. In the abstracts 
of the experiments when a nerve is said to cause an effect, it means 
that the effect: was produced by electrical stimulation of the nerve; the 
electrical stimulation employed was the interrupted current of a du 
Bois Reymond induction machine, the shocks being distinctly but not 
strongly felt when the electrodes were placed on the tip of the tongue. 
As a rule the nerves were stimulated a number of times, the strength of 
the shocks varying from weak to strong. 

In speaking of the union of the central end of one nerve with the 
peripheral end of another, we put first the nerve the central end of 
which was taken; thus union of the spinal accessory nerve with the 
cervical sympathetic means union of the central end of the former with 
the peripheral end of the latter. 7 


1. THE UNION OF SOMATIC NERVE FIBRES WITH ONE ANOTHER. 


Previous observations—briefly mentioned in the Introduction— 
_ have given such uniform results with regard to the union of the central 
end of one nerve supplying skeletal muscle with the peripheral end of 
another similar nerve, that we have not thought it necessary to make 
any further experiments on the point. — : 
Our experiments have dealt chiefly with the union of central end 
with central end, and of peripheral end with peripheral end of two 
nerves. A short statement of the results obtained, was communicated 
to the Physiological Society in Dec. 19021. The attempt to join the 
central ends of two nerves was first made by Schiff* After allowing 


1 Proc. Physiol., Soc. p. iii. (This Journal, xxrx. 1908). 
2 Schiff. Lehrb. d. Physiol., Lahr. p. 186, 1858—59. 
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time for regeneration one of the nerves was cut near its origin, and the 
end connected with the neurome stimulated. No reflex was obtained 
until the nerve was stimulated close to the neurome. Similar experi- 
ments, with the same results have been made by Stefani’, by ourselves 


(cp. Exps. 1 and 2 below) and by Bethe*. Bethe varied the form of — 


the experiment by connecting the central end of the sciatic of one side 
with the central end of the sciatic of the opposite side. 
* All the observations then agree that the central afferent fibres of 
one nerve neither unite with the central afferent fibres of another nerve, 
nor do the afferent fibres of the one grow out to any considerable extent 
amongst the fibres of the other. as 

On the union of the peripheral ends of two nerves we have made 
four experiments. Exp. 1 was made on a rabbit. The internal and 
external popliteal nerves were taken for several reasons; both contain 
efferent as well as afferent fibres, they are branches of the same nerve, 
and many of the afferent fibres would be frequently stimulated by 
contact of the foot with the ground. 124 days were allowed for 
regeneration and union. The central ends of the nerves had not formed 
any functional connection with the peripheral ends so that there was no 


complication on this account. The peripheral ends. were joined by a 


swelling but no trace of effect was obtained by stimulating either of 
them, either directly or reflexly. Thus the peripheral ends had not 
made any functional connection with one another. It may be noticed 
that the nerves were frequently excited mechanically by the walking 
and running movements of the animal and that this excitation did not 
_ prevent the loss, or cause the return, of excitability in the nerves. 


Union of two mixed nerves (a) central end to central end, and (b) peripheral 
end to peripheral end. 


_ Exp.1, Rabbit. The internal and external popliteal nerves were cut on the left side 
in the upper part of the thigh; the two central ends were sewn together, and the two 
peripheral ends were sewn together. 

124 days later. The left posterior tibial nerve exposed at the ankle caused no body 
movement nor change in respiration, nor movement of the foot, The (original) peripheral 
portions of the internal and external popliteal nerves were also without effect either on 
electrical stimulation, crimping, application of ammonia, and of 1 p-c. nicotine. 

The central portions of the internal and external popliteal nerves were then examined. 
_ The external popliteal was separated from the internal above the neurome and cut about 
3 cm. centrally of it. The end connected with the neurome gave no reflex effect either on 


1 Stefani. Arch. f. (Anat. u.) Physiol. 1886, p. 488. sae 
* Bethe. Anat. u. Physiol. d. Nervensystems, Leipzig, 1908, p. 220. 


» 
“eg 
Bt 
» 
x 
"4 


UNION OF NERVES. | 371 


the muscles or on respiration except when the electrodes nearly touched the neurome ; on 
stimulating the neurome there was at once reflex body movement. 
The internal popliteal nerve was also cut, neither this nor the external popliteal had 
any effect on the foot, é.e, no a 
: peripheral portions of the nerves. 


The experiment was repeated in a modified form in a kitten’. The 
peripheral ends of the external and internal popliteal nerves were sewn 
together and 205 days allowed for union to take place, then the tissue 
{ : a short distance from the neurome was cut through to cause degeneration 

| in any fibres which might run to the nerves from the central nervous 
system. Forty-two days after this the nerves were stimulated. The 
stimulation was without any observable effect, 1c. no union had taken 
| place between the peripheral ends of the nerves. 

A further experiment (Exp. 2 below) gave a different result and 


| seemed at first sight opposed to the conclusion drawn from the first 
two, 


‘Union of (4) central end to central end, (b) peripheral end to peripheral end of a mized 
muscular nerve and of an afferent cutaneous nerve. 


Exp. 2. Cat, adult, large. The internal saphenous nerve and the main muscular 
branch of the crural nerve were exposed below Poupart’s ligament. The muscle nerve was 
| cut near its entry into the muscles, the internal saphenous nerve was cut about a 
] centimetre higher up, The central end of the muscle branch was turned forward and sewn 
to the central end of the internal saphenous nerve. The peripheral end of the internal 
saphenous was turned back and sewn to the peripheral end of the muscle nerve. The two 
loops were about a centimetre distant from one another. 

67 days later. The internal saphenous nerve was isolated from surrounding tissue 
a little above the knee. Stimulation of it caused a contraction in the thigh in the region 
of distribution of the muscle branch, but no other reflex was observed. A small piece of 
ee the peripheral end of the nerve was cut out; it contained a considerable number of sound 
medullated fibres. 
¥. 5 days later, The internal saphenous nerve was stimulated below the neurome, it 
ts produced the same effect as before. 

The muscle branch was separated from the rest of the crural nerve and cut above 
Poupart’s ligament and the end attached to the central end of the internal saphenous 
nerve stimulated, it caused extension of the leg but had no reflex effect. 
ee The tissue around the junction of the peripheral end of the internal saphenous nerve 
| and the muscle branch of the crural was cut through, stimulation of the internal saphenous 
' nerve caused contraction of the thigh muscles as before, but much weaker. The central 
‘ musele branch stimulated near its junction with the central end of the internal saphenous 
~ had now no effect ; stimulation of the central end of the internal saphenous caused a reflex 

body movement. 

No fibres of recent degeneration were present in the nerves connected with the two 
neuromes ; but in the internal saphenous nerve peripherally of the spot cut in the second 
operation all the medullated fibres were in a stage of recent degeneration. 


& An abstract of this experiment we shall give in a later Paper on autogenic regeneration. 


» 
| 
95 2 


372 J. N. LANGLEY AND H. K. ANDERSON. 


The peripheral end of the muscular branch contained absolutely and relatively many 
more medullated fibres than the peripheral end of the internal saphenous which was 


joined to it. 


The neurome on the central ends contained numerous interlacing medullated fibres 


from the two nerves. 


In this case two branches of the crural nerve were taken, one the 


main muscular branch to the muscles of the thigh, the other the 
internal saphenous—a purely afferent nerve except for post-ganglionic 
sympathetic fibres. The two central ends were joined together and the 
two peripheral ends were similarly joined. 72 days were allowed for 
regeneration. | 

The peripheral part of the internal saphenous nerve caused con- 
traction in some of the thigh muscles supplied by the peripheral end of the 
muscle nerve, and it did this after severance of the conjoined nerve from 
the central nervous system. But while the connections of the nerves 
were still intact, the central end of the muscle nerve was cut and its 
lower portion was stimulated; it was found that it had made con- 
siderable functional connection with its own peripheral end. Micro- 
scopically medullated fibres were traced from it to the ‘internal 
saphenous nerve. 

The latter facts suggested that the contraction produced by the 
internal saphenous nerve was due to its connection with the central and 
not to a direct connection with the peripheral end of the muscle nerve. 
And that this was the case Exp. 3 gives evidence. 


Union of the central end of a muscular nerve with the peripheral end of a skin nerve. 
Axon reflex obtained. 


Exp. 3. Cat, half-grown. The central end of the main muscle branch of the crural 
nerve was sewn to the peripheral end of the internal saphenous nerve. The end of the 
muscle branch was left projecting from the muscle rather less than a centimetre from the 
junction, 

72 days later. Stimulation of the internal saphenous at the knee caused contraction 
of the thigh muscles and extension of the leg. It did not produce so far as was seen 
any other movement. The muscle branch of the crural was found to be united with its 
peripheral end as well as with the internal saphenous nerve. Section of the crural and 
obturator nerves centrally of Poupart’s ligament did not affect the extension of the leg 
caused by stimulating the internal saphenous. The same movement but stronger was 


obtained by stimulating the muscle branch itself both centrally and peripherally. The 


internal saphenous was cut at the knee, stimulation of the upper end gave the effect as 
before, stimulation of the lower end was without effect. 


Here the main muscle branch of the crural nerve was sewn to the 


peripheral end of the internal saphenous nerve, a portion of the central 
end of the saphenous was excised, and the peripheral end of the muscle 
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nerve was left projecting from the muscle. 72 days were allowed for 
regeneration. The internal saphenous as in Exp, 2 caused contrac- 
tion in some of the thigh muscles after section of the crural and 
obturator nerves near their origin, and the action was unaltered when 
the internal saphenous was isolated up to the neurome, 7.¢, when any direct 
connection which it might have made with the peripheral end of the 
muscle nerve was severed. As in Exp. 2 it was found that some fibres 
from the central end of the muscle nerve had joined the peripheral end. 

The ‘reflex’ contraction produced by the internal saphenous nerve 


- after severance of all connection with the central nervous system we 


attribute to the stimulation of nerve fibres one branch of which was in 
the internal saphenous and the other in the muscle nerve, i.e. we 
consider that the ‘reflex’ was an axon reflex. 

The fibres which grow out from the central end of a nerve we know 
may divide, and there is nothing unreasonable in supposing that one 
branch of some of the nerve fibres had joined the muscle nerve and that 
the other branch had joined the internal saphenous nerve. In such case 
it follows either (a) that the efferent fibres of the muscle nerves had 
united with the (embryonic) afferent fibres of the internal saphenous 
nerve, which appears to us against the trend of other evidence, or (b) 


_ that the central efferent fibres had grown more than 7 centimetres down 


the sensory nerve, a fact which would be distinctly in favour of the view 
that regeneration consists in a growth of axis oe from the central 
end of the cut nerve. 

Observations of a similar nature but on ied nerves have been 
made by Bethe (op. cit. 1903, p. 224) and in many respects with the 
same results. Thus in some cases he found that the peripheral ends of 
the nerves had no effect on the muscles, in others he obtained a reflex 
similar in general to that we have described. 

He attributes it however to a direct union of the peripheral nerve 
fibres, inclining to think that the afferent fibres of one branch had made 
connection with a large number of efferent fibres in the other branch. 
The point of view we have given above is not considered by Bethe; 
probably since he considered that no connection had been established 
between the central nervous system and the peripheral ends of the 
nerves. This he took to be the case mainly because he obtained 
no body reflex on stimulating the peripheral nerves; the evidence we 
think is hardly decisive, at any rate there was an absence of such reflex in 
our cases! although a central connection had certainly been established. 

1 In our experiments the were anwsthetized. 
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Bethe has shown that a nerve can be artificially lengthened. He 
- united the sciatic of one side with the sciatic of the.opposite side, and 
after allowing time for regeneration, stimulated the central portion of 
the united nerve and obtained contraction in the lower limb of the 
opposite side. 

We made a similar experiment in 1902, but on crossed nerves. The 
sciatic was cut in a rabbit, the peripheral end carried through the 
muscles of the thigh and sewn to the chief muscle branch of the crural 
nerve, After 398 days, the crural nerve was stimulated, and found 
to cause contraction in the upper part of the gastrocnemius, The 
normal muscular fibres of the crural are not long enough to reach 
the gastrocnemius, and we conclude—as Bethe does—that short fibres 
are able to make functional-connection with long ones’. 

The relative ease of union of long with short, and of short with long 
fibres deserves further investigation in view of the importance of the 
question in surgical cross union. os 

Another point we experimented on was the union of afferent with 
efferent fibres. In a rabbit a few days old the central end of the 
internal saphenous nerve was sewn to the peripheral end of the sciatic, 


the latter nerve being taken through the muscles of the thigh to effect — 


the junction. 403 days later, the sciatic was cut centrally of the first 
point of section, and the peripheral end (with the internal saphenous 
nerve connected with it) stimulated, it caused reflex body movement, 
but no contraction in the muscles supplied by the sciatic nerve; reflex 
was also obtainable from the posterior tibial nerve at the ankle. Thus 
the afferent nerve fibres of the internal saphenous nerve had ‘united’ 
with the afferent but not with the efferent fibres of the sciatic. 


2. THE UNION OF SOMATIC EFFERENT NERVES WITH 
PRE-GANGLIONIC NERVES. 


Calugareanu and Henri* sutured the central end of the hypoglossal 
nerve to the peripheral end of the vagus in dogs and found in two 
experiments, in which 99 and 170 days respectively were allowed for 
regeneration, that the peripheral end of the vagus caused slowing of the 
heart-beat. The observations are unfortunately inconclusive since it 


? For similar results with pre-ganglionic fibres cf. below, Exp. 10. | 

* Oalugareanu and Henri. Journ. de Physiol. et de path. gen. 1900, p. 709. The 
ventral vagus was also joined to the peripheral hypoglossal ; stimulation of the peripheral 
hypoglossal caused contraction in the muscles of the tongue. : 
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was not shown that some fibres from the central end of the vagus had 
not rejoined the peripheral end of the nerve, and so produced the effect. 
The same authors’ have described an experiment in a dog in which 
the hypoglossal was joined to the chordo-lingual nerve and the animal 
was observed for about two years. They found after a time that feeding 
the animal caused a much more copious secretion from the sub-maxillary 
gland on the sutured side, and that stimulation of the hypoglossal. nerve 
itself caused secretion from the gland. | 
_ We have in a former paper’, given an account of two experiments in 
which the 5th cervical nerve was joined to the cervical sympathetic 
and in which stimulation of the 5th cervical roots caused to a greater 
or less degree the effects normally produced by the cervical sympathetic. 
We find also that the phrenic nerve is able to unite with the cervical 
sympathetic and give sympathetic effects. The effects in this case were 
slight only, probably in consequence of the considerable reunion of the 
two ends of the cervical sympathetic. No movement of the nictitating 
membrane, eyelids or iris, which could be referred to the action of the 
phrenic, were however observed during life. In the abstract of this 
experiment we mention some points which we shall refer to later. 


Cross union of phrenic and cervical sympathetic, 


Exp. 4. Cat. Left side :—the root of the phrenic arising from the 5th cervical nerve 
was sewn to the peripheral end of the cervical sympathetic, and the central end of the 
cerv. symp. was sewn to the peripheral end of the cut root of the phrenic at the level of 
the lst rib. Right side :—the lower half of the cerv. symp. was excised. 

The paralytic effects were equal on the two sides of the head for about two months ; 
they then gradually diminished on the left side, At no time was any change observable 
in the nictitating membrane, eyelids or pupil in correspondence with respiration. 

197 days later. The nictitating membrane projected farther, the eyelids were closer, 
the pupil smaller, and the vessels of the ear larger on the right side than on the left, 

- The central end of the left vagus caused as a rule rather more retraction of the 
nictitating membrane, and occasionally more dilatation of the pupil on the left side than 
on the right. 

The left cerv. symp. caused the usual sympathetic effects. 

The right cerv. symp. (stimulated about 1:5 om. below the sup. cerv. gang.) gave no 
effect. 

- Clamping the trachea tubes for 90 seconds had a rather greater effect on the nictitating 
membrane and pupil on the left side than on the right (the nict. memb. was first more 
projected, later fully retracted). 

following effects ; 


Calugareanuand Henri. Comptes Rendus Soc. de Biol, 1901, p. 1099... 
* Langley and Anderson. This Journal, xxx. p, 439. 1904. 
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| Eye | Diaphragm of left side 
IV. C. 0 0 Re 
¥.C. | Nict. memb. and eyelids, moderate; | Contraction, chiefly of central part 
pupil, slight | 
VI. C. 0 Contraction, all parts 
‘VI. C. 0 Contraction, all parts 
C. 0 0 


I. Th. | Nict, memb., slight; eyelids, very | Contraction of small ventral part 
| slight; pupil, moderate to good : 
II. Th. | Nict. memb., good; eyelids and pupil | Contraction of small part, a little 


moderate to good more dorsal than that of I. Th. 
Til. Th. | Nict. memb., moderate, <I.Th.; eye- | Slight contraction of small part, a 

lids and pupil, slight little more dorsal than that of I. Th. 
IV. Th. 0 0 


The contraction of the diaphragm on stimulating the thoracic nerves was a brief but 
fairly strong twitch; the muscle relaxing during the stimulation. 

After cutting the left phrenic nerve, the spinal nerves on the left side had no effect on 
the diaphragm. 
- Qn dissection, the distance between the neuromes was rather more than a centimetre. 
Thus the central ends of the cut nerve had made better connection with their own peripheral 
ends across a centimetre of tissue than they had with the nerves to which they were 
sewn. | 


% 
3. THE UNION OF PRE-GANGLIONIC NERVES WITH SOMATIC 
EFFERENT NERVES. 


Mislavski! sewed the cervical sympathetic to the recurrent laryn- 
geal nerve in a cat, and found after not less than 82 days that stimulation 
of the cervical sympathetic caused movements of the vocal cord on the 
same side’. The movements were also obtained reflexly by stimulating 
sensory nerves, 

_ We have made three experiments which confirm the result obtained 
by Mislavski and add some facts to his account. 

Contraction of the thyro-arytenoid m. continues during the period 
of stimulation of the normal recurrent laryngeal (interrupted current) 


1 Mislavski. Comptes Rendus Soc. de Biol, Paris, 1902, p. 841. 

* In an experiment made some years ago (This Journal, xxu1. p. 242, 1898, Exp. 1) in 
which the cervical sympathetic was joined to the vagus (128 days) I noticed that the 
peripheral end of the vagus, though having no effect upon the esophagus or heart, caused 
contraction in the crico-thyroid space. At the time it seemed possible that the result was 
due to a re-growth of some fibres from the central end of the vagus, and it was left over 
for farther investigation, In the light of Mislavski’s experiments and of those given in 
this Paper, the probability is that the contraction was really due to sympathetic fibres 
which had made their way along the whole length of the recurrent laryngeal. (J. N. L.) 
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provided it is not too long, and relaxes at once on cessation of the 
stimulus. 

It will be seen from Exp. 5 that the cervical sympathetic and the 
recurrent laryngeal nerve connected with it did not produce a normal 
effect upon the thyro-arytenoid muscle, the contraction though strong 
gave way almost at once to partial relaxation. The complete relaxation 
after cessation of the stimulus was much slower than with the normal 
recurrent laryngeal. The conjoined cervical sympathetic and recurrent 
laryngeal also gave contraction of the arytenoideus m. but the contraction 
was limited to the portion on the same side, whereas the recurrent 


laryngeal on the other side caused strong contraction of the whole 


muscle, . 
Union of the cervical sympathetic with the recurrent laryngeal. — 

Exp. 6. Kitten. Right recurrent laryngeal cut about two cm. below the larynx, the 
peripheral end turned outwards and sewn to the central end of the cervical sympathetic. 
About a cm. of the peripheral part of the cervical sympathetic excised. 

180 days later. The rt. cerv. symp. stimulated near the thorax caused movement in 
the crico-thyroid space (it caused also slight movement of the nictitating membrane and 
eyelids but no dilatation of the pupil). 

The vagus was cut near the ganglion of the trunk, its peripheral end caused contraction 


of the cesophagus but no movement in the crico-thyroid space. 


The tissue round the point of union of the cerv. symp. and recurrent laryngeal was cut 
through, and the external muscles of the larynx exposed ; stimulation of the cerv. symp. 
caused no movement except in the crico-thyroid space. 

The trachea was cut through just below the larynx ; the cere. 
symp. caused quick contraction of the right thyro-arytenoid muscle, this at once gave 
way to partial relaxation; on cessation of the stimulus, the complete relaxation was much 
slower than when the left recurrent laryngeal nerve was stimulated; the latter nerve caused 
quick tetanic contraction of the left thyro-arytenoid muscle. The rt. recurrent laryngeal 
gave the same effect as the symp. but rather more strongly. Neither rt. nor left recurrent 
laryngeal caused appreciable pallor of the mucous membrane. 

1'6 o.c, of 1 p.c. curari was injected in the femoral vein ; the action of the rt. recurrent 
laryngeal and rt. cerv. symp. was much more slowly abolished than that of the left 
recurrent laryngeal. 

The rt. recurrent laryngeal (which had been joined to the cerv. symp.) contained many 
small medullated fibres, and 12 rather large fibres, the latter probably came from the 
superior laryngeal. 

The thyro-arytenoid muscle was treated with gold chloride (Ranvier’s boiled formic acid 
and gold method). Numerous motor nerve endings were found o on the left side, but none 
on the right. 

In a second experiment, after the cervical sympathetic had been 
joined to the recurrent laryngeal nerve, and had acquired a motor action 
on, the thyro-arytenoid muscle, the tissue around the neurome was cut 
through in order to sever any nerve fibres, except sympathetic fibres, 
running to it. Seven days later, the cervical sympathetic and the laryn- 
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geal had the same effect as before, and there were no degenerated fibres 
in the joined nerves. Hence the effect was not due to any nerve fibres, 


except sympathetic fibres growing in at the neurome. 
In order to determine whether the small medullated nerve fibres in 


the recurrent laryngeal after its union with the sympathetic are in ~ 
trophic connection with the sympathetic fibres, tlie cervical sympathetic . 


was cut (Exp. 6), after it had acquired a motor action on the thyro-ary- 
tenoid m. The experiment showed that this trophic connection existed, 
and that degenerative section of the cervical sympathetic abolished the 
motor effect of the recurrent laryngeal with which it was connected. 


Union of cervical sympathetic with recurrent laryngeal; section of sympathetic 
7 days before death, 

Exp. 6. Cat. Central end of cerv. symp. sewn to peripheral end of recurrent 
laryngeal in middle of neck ; peripheral end of cerv. symp. nearly as far as the sup. cerv. 
ganglion excised. 

188 days later. The rt. cerv. symp. was cut low in the neck. The peripheral end 
caused marked movement in the crico-thyroid space on the right side, and no effect on 
the eye, 

7 days later. The rt. cerv. symp. and the recurrent laryngeal nerve connected with it 
caused no contraction of the thyro-arytenoid muscle, nor any other effect. 

The right recurrent laryngeal from its junction with the cerv. symp. onwards contained 
many fibres of recent degeneration, nearly all were 2 to 8-5 uw in diameter. Near the 
thyro-arytenoid muscle no sound fibres were present. 

recurrent laryngeal. Two nerve filaments one containing 4, and the other 10 sound fibres 
also joined the recurrent laryngeal and ran downwards in it; at the junction with the 
cerv. symp. 20 sound fibres were present. | 

It may be noticed as an instance of the re-growth of the sympathetic, that a filament 
containing degenerated fibres ran from the sympathetic laryngeal neurome upwards 
alongside the vagus, and that there were 3 or 4 degenerated fibres in the sympathetic just 
below the sup. cerv. ganglion. 


The sterno-mastoid and trapezius muscles belong to a class of 
muscles differing from that of the thyro-arytenoid. Moreover the 
nerves which run to them arise from cells in the cervical spinal cord, 


part of the fibres passing by way of the upper cervical nerves and | 


part by way of the spinal accessory, whilst the nerve fibres supplying 
the thyro-arytenoid arise from nerve cells in the spinal bulb. Since 
the nerve fibres of the spinal accessory are large nerve fibres (9 to 15 uw 
in diameter) there was additional interest in joining the small nerve 
fibres of the cervical sympathetic to them. This we did in a cat 
(Exp. 7), and found after 175 days that the cervical sympathetic caused 
- contraction of the sterno-mastoid though not of the trapezius, In order 
to avoid any question of escape of current or of the production of an 
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axon reflex, the spinal nerves from the 8th cervical to the 6th thoracic — 
were tied and cut in the vertebral canal and the peripheral ends 
stimulated. Prompt contraction of some part or other of the sterno- 
mastoid muscle was obtained from each of the first four thoracic nerves, 
the order in extent of contraction obtained being 2nd Th., 3rd Th., 1st Th., 
4th Th., which is, so far as the experiments go, the order of the number 
of fibres the nerves respectively send to the cervical sympathetic. In 
this experiment the central end of the spinal accessory had united little 
or not at all with the peripheral end of the sympathetic, although the 
central end of the sympathetic had united with the peripheral end of 
the spinal accessory; the fact suggests that one of the factors de- 
termining the union of nerves is the relative size of the fibres in the 
central and peripheral ends, and that small nerve fibres can much more 
readily unite with large ones than large ones with small. 


Union of the cervical sympathetic with the spinal accessory. 


Exe. 7. Cat, Central end of rt. cerv. symp. sewn to peripheral end of the spinal 
accessory about a centimetre below the sup. cerv. gang. Central end of spinal accessory 
sewn to peripheral end of the cerv. symp, near the sup. cerv. ganglion. 

175 days later. The vagus was tied and cut about the middle of the neck and dissected 
from the cerv. symp, to the lower part of the neck. The cerv. symp. was isolated from the 
surrounding tissue. By pulling up the vagus ligature, the cerv. symp. was slightly raised 
and so could be stimulated without escape to the surrounding tissue. Stimulation of the 
symp. with interrupted shocks not felt on the tip of the tongue caused contraction of the 
sterno-mastoid muscle, but not of the trapezius (it caused also slight retraction of the 
nictitating membrane and a trace of dilatation of the pupil). 

Stimulation of the peripheral ends of the 8th C., the 5th and 6th thoracic nerves in 
the vertebral canal had no effect on the sterno-mastoid. The lst thoracic caused con- 
traction in a strip in the lower third of muscle; the 2nd thoracic caused contraction of a 
band stretching from one end to the other of the muscle, but not including all its fibres 
especially at the dorsal border ; the 8rd thoracic caused contraction in the middle part of 
the lower half of the muscle; the 4th thoracic caused contraction in a small patch in the 
lower part of the muscle nearer the dorsal than the ventral edge. There was considerable 
overlapping in the areas affected, the contraction was chiefly in the middle strip of the 
muscle and the extreme dorsal and ventral edge were unaffected. 

The two neuromes were surrounded by a thick mass of tissue, and it was difficult to 
obtain a sufficient length of the central portion of the spinal accessory for isolated 
stimulation. The end joined to the cerv. symp. caused a stronger contraction of the 
sterno-mastoid than was obtained from the cerv. symp., it eaused also contraction of 
the trapezius. It was doubtful whether it had or had not any effect on the nictitating 
membrane or eye, 2.¢.c. of 1 p.c. curari injected intravenously paralysed the cerv, symp. 
and the spinal accessory. 

‘We have earlier! given an account of an experiment in which the cervical sympathetic 
was connected with the peripheral hypoglossal. The result was not clear, and we are 
repeating the experiment. 


1 Langley and Anderson. Archivio di Fisiologia, 1. p. 507 (Exp. 2), 1904. 
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Lastly we have joined the cervical sympathetic with the phrenic 
nerve and obtained contraction of a part of the diaphragm on stimulating 
the Ist, 2nd and 3rd thoracic nerves in the vertebral canal (ep. above, 
Exp. 4). | | 

In all these cases there was no interval appreciable to the eye 
between the stimulation of the nerve and the contraction of the muscle, 


and we think it is perfectly certain thas the contraction was not produced — 


by vascular changes. — 


4. THE UNION OF SOMATIC AFFERENT NERVES WITH 
PRE-GANGLIONIC NERVES. 


_ There are two cases to consider here, one in which the fibres 
proceeding from a spinal ganglion to the central nervous system are 
joined to a pre-ganglionic nerve and the other in which the fibres 
proceeding from a spinal ganglion to the periphery are similarly 
connected. 


An experiment of the former kind has been made by Bud gett and 


Snodgrass’: They chose as afferent fibres, the fibres proceeding 
centrally from the ganglion of the trunk of the vagus*. In a cat 
they removed 6 millimetres of the left cervical sympathetic a little 
below the superior cervical ganglion. The vagus was cut just 
centrally of the ganglion of the trunk, and the end connected with the 
ganglion sewn on to the peripheral end of the sympathetic. After 85 
days, the paralytic symptoms had nearly disappeared. The vagus was 
cut, and stimulated with moderately strong currents, 12 mm. below the 
ganglion it caused withdrawal of the nictitating membrane. Stimulation 
with strong currents, caused in addition constriction’ of the pupil. On 
application of dilute nicotine to the ganglion, the nerves ceased to cause 
retraction of the nictitating membrane, The wound was stitched and 
the animal examined 22 days later. No result was obtained until 
induced currents slightly painful when applied to the tongue were 
employed, then there was retraction of the nictitating membrane. 
Ligature of the vagus prevented stimulation below from having an 
effect. 


1 Budgett and Snodgrass. Medical Bulletin of Washington University, Jan. 1902. 
* The view that this ganglion is an aberrant spinal ganglion is generally accepted. 
And it has been shown by one of us (Langley, This Journal, xxrv. 1899, Proc. Physiol. 
Soc. p. xxxii.) that the ganglion sends fibres to the solitary bundle and to the grey 
substance latero-dorsal of the dorsal vagus nucleus. 
* *Constriction’ is, we suppose, a slip of the pen for ‘ dilatation.’ 
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The authors conclude that it is probable that the central ends of the 
afferent fibres of the trunk ganglion had joined the sympathetic nerve 
cells, but they point out that the effect obtained may have been due to 
an axon reflex from efferent vagus fibres growing from the central end 
of the vagus and sending branches to the sympathetic ganglion. 

The experiment though suggestive is clearly not decisive as to the 
connection of afferent fibres with sympathetic cells. For besides the 
possibility of an axon reflex, the effect may have been due, as far as the 
account of the experiment shows, to sympathetic fibres running to the 
vagus near its ganglion, an explanation which would account for the 
strong current required to produce an effect. 

We have repeated this experiment, with the modification of cutting 
the cervical sympathetic low in the neck 7 days before the final 
examination. Stimulation of the vagus with whatever strength of 
current gave no trace of sympathetic effect of any kind. 


Union of vagus above ganglion of trunk to cervical sympathetic. 

Expr. 8. Cat. Cervical sympathetic cut close to the sup. cerv. ganglion and about 

8 em. below the cut excised. Vagus cut 2 mm. above the ganglion of the trunk, and the 
end connected with the ganglion sewn to the peripheral end of the sympathetic. 


188 days later. The paralytic symptoms were still marked. The cerv. symp. was cut 
low in the neck. 


7 days later. The vagus was exposed in the lower part of the neck and up to its 
junction with the cerv. symp, Stimulation of it gave no effect on the nictitating 
membrane, eyelids, pupil, vessels of ear, or hair of face (it had no effect also on the 
esophagus or rate of heart-beat). Stimulation of the sup. cerv. ganglion gave the usual 
sympathetic effects. 

Microscopically a small filament of degenerated nerve fibres was found running from 
the central end of the cerv. symp. upwards attached to the vagus, and a few degenerated 
a symp. immediately below the sup. cerv. 
ganglion. 

In another experiment we joined tu e central end of the great 
auricular nerve to the peripheral end of the cervical sympathetic, 
allowing 206 days for union. During life no sign of recovery from the 
paralysis was observed in the pupil, but there was apparently some 
in the eyelids and nictitating membrane. The central end of the 
sympathetic was found to have effected some though not great reunion 
with the peripheral end, but the end of the great auricular nerve which 
had been joined to the cervical sympathetic gave no trace of effect. 


Union of the great auricular nerve with the cervical sympathetic. 


Exp. 9. Oat. The right great auricular nerve was cut at the base of the ear. The 
cervical sympathetic was exposed from the side, cut about’ 3 cm. from the sup. cerv. 
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ganglion, isolated upwards for about 1:5 om., the end drawn outwards and sewn to the 


 gentral end of the great auricular nerve. 


206 days later. On the right side, the pupil was markedly smaller, the nict. membrane 
farther out, and the eyelids rather closer than on the left. Both ears were cool and much 
the same. 

The cervical sympathetic low in the neck caused moderate retraction of the nict, 
memb. and separation of the eyelids; also dilatation of the pupil to about 4 fall size. 

The cerv. symp. from its junction with the great auricular up to the sup. cerv. gang. 
gave the same effects. No reflex was obtained from it on the opposite eye; near the 
no body movement. 

of the Sell herve was ont wens fe exit the neck 
muscles; the peripheral end had no effect on the eye or pupil. 

The great auricular nerve centrally of its union with the cerv. symp. when uncut 
caused slight reflex body movement (chiefly flexion of hind limb of the same side) but 
either no effect on the corresponding pupil, or less than on the opposite side ; after section, 
the end connected with the cerv. symp. gave no effect. 


An experimént of a different kind was made by cutting the 
cervical sympathetic in the middle of the neck, and sewing the 
peripheral end into the subcutaneous tissue. The only nerve fibres 
which are likely in this case to have an opportunity of unity with the 


cervical sympathetic are the cutaneous afferent fibres, and efferent post- 


ganglionic fibres, the latter being non-medullated. 79 days were 
allowed for regeneration. Stimulation of the cervical sympathetic near 
its junction with the skin was without effect. Microscopic examination 
showed that 80 small medullated fibres ran into the nerve from the 
skin, the number decreased towards the superior cervical ganglion 
and near the ganglion 12 only were present. It follows we think 
from this, that the cutaneous fibres had not coalesced with the 
sympathetic fibres, but that some afferent fibres had grown down the 
cervical sympathetic without being able to transmit nervous impulses 
to the nerve cells of the.superior cervical ganglion. 


5. THE UNION OF PRE-GANGLIONIC WITH POST-GANGLIONIC 
NERVE FIBRES. 


The possibility of the functional union of these two kinds of fibres 
can be tested by excising the superior cervical ganglion. The distance 
between the pre-ganglionic fibres of the cervical sympathetic and the 
post-ganglionic fibres when the ganglion is excised, is usually less than 
a centimetre, so that we might naturally expect the cervical sympathetic 
to grow across this gap and make functional connection with the post- 


ganglionic fibres, especially as the former is in life constantly peneins 
impulses to the latter. 
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An experiment of this kind has already been made by one of us? nad 
it was found that the ocular paralytic symptoms caused by removal of 
the ganglion persisted, and that stimulation of the cervical sympathetic 


a year and eleven months after the operation had no effect. 


A similar experiment has been made by Langendorff*. He excised 
the superior cervical ganglion on one side in a cat. He found that the 
signs of paralysis almost completely disappeared in 105 days, and that 
stimulation of the cervical sympathetic had its usual effects upon the 
pupil and eye; on microscopical examination he found no middle 
cervical ganglion. 

We have made eight experiments on cats of various ages, excising 
the superior cervical ganglion of one side and leaving a varying time 
for regeneration. In two of these cases there was some decrease in the 
paralytic symptoms, and the cervical sympathetic had some effect though — 
far from maximal. But microscopical examination showed that in both 
of these cases, all the nerve cells had not been removed. In one case 
there were some cells in the cervical sympathetic about 14 cm. below 
the end of the nerve. In the other case one, though only one, of the 
anterior branches contained nerve cells. In both cases injection of 
nicotine stopped the effect of stimulating the cervical sympathetic, but 
did not stop the effect of stimulating the nerve strands by the internal 
carotid artery. In one case then there was regeneration of post-ganglionic 
and on the other regeneration of pre-ganglionic fibres. 

In the six other cases, the paralytic symptoms on the pupil, eyelids 


and nictitating membrane were permanent. And in no case did stimula- 


tion of the cervical sympathetic cause any effect. The times allowed 
for regeneration were 183, 240, 394, 429, 438, and 476 days. One 
animal was a kitten 12 days old, one a half-grown cat, the other animals 
were full-grown cats. In one case a piece of hypoglossal nerve was 
inserted between the two ends of the sympathetic in order to afford a 
readier path for the pre-ganglionic fibres; the piece of hypoglossal 
nerve was absorbed and no union of the sympathetic fibres occurred. 
In no case were nerve cells present either in the cervical sympathetic or 
in the post-ganglionic nerve strands. 

It seemed possible that the absence of union was due to the pre- 


-' Langley. This Journal, xxv. p. 417. 1900. 

* Langendorff, Centralbiatt f. Physiologie, 1901, p. 488; Intern. Congr. f. Phys. 
Sept. 1901. Langendorff mentions two cases. In the second the anterior branches 
were tied, but the ganglion was not removed. Here reunion of the post-ganglionic fibres 


would naturally occur. 
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ganglionic fibres having a definite length, and to their being unable to 
grow out sufficiently to reach the post-ganglionic fibres, notwithstanding 
that the distance was only about a centimetre. This possibility was 
however negatived by experiment, for we found that the distal end of 
the cervical sympathetic of one side was able to make functional union 
with the proximal end of the cervical sympathetic of the opposite side’. 


Junction of cervical sympathetic of one side with the cervical spmpathetic 
of the opposite side. 
Exp. 10. Cat. Rt. cerv. symp. cut a few millimetres before it entered the sup. cerv. 


gang. ; left cerv. symp. cut low in the neck. The right nerve was then turned backwards, 


taken over the trachea and joined to the peripheral end of the left nerve, 
- 169 days later. The central end of the left cerv. symp. gave no effect. The central 
end of the right cerv. symp. gave on the left side all the effects normally produced by 


sympathetic stimulation; there was maximal dilatation of the pupil, strong retraction of the 


nictitating membrane, and separation of the eyelids, projection of the eye, complete pallor 
of the vessels of the ear and of the nasal mucous membrane and erection of hair in the 
face area. The effects ceased on applying 1 p.c. nicotine to the left sup. cerv. gang. 

The distance from the neurome to the left sup. cerv. gang. was 62 mm. i.e. the right 
sympathetic nerve had lengthened by about 62 mm. 


The absence of union of the pre-ganglionic with the post-ganglionic 


fibres was not due to the one consisting of medullated and to the 
other consisting of non-medullated fibres, since the anterior rami of 
the superior cervical ganglion contain normally numerous medullated 
fibres, and in each of our cases regeneration of post-ganglionic medul- 
lated fibres had occurred’. 

We conclude then that pre-ganglionic fibres though conducting in 
the same direction, and having the same function, as post-ganglionic 
fibres are incapable of making functional union with them. 


6. UNION OF POST-GANGLIONIC FIBRES WITH PRE-GANGLIONIC FIBRES. 


We have seen that the pre-ganglionic fibres of the cervical 
sympathetic readily unite with the similar fibres of the opposite side. 
_ The following experiment gives evidence that the post-ganglionic fibres 
cannot unite with pre-ganglionic fibres, nor make connection with 
the nerve cells of the opposite superior cervical ganglion. Further 
_ experiments are however desirable. 


* A similar elongation of the cervical sympathetic occurred in Exp. 1 which we have 
given in Archivio di Fisiologia, 1. p. 506, 1904, In Exp. 11, given later on in this Paper, 
there was also considerable elongation of the cervical sympathetic. 


* The cause of the re-formation of the post-ganglionic medullated fibres we shall deal 
with in a later Paper. . : 
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Union of the post-ganglionic fibres of the cervical sympathetic of one side with the 
pre-ganglionic fibres of the opposite sympathetic. 

Exp. 11, Cat. The left cerv. symp. was cut a little below the middle of the neck, the ‘ 

end passed under the trachea and sewn to the anterior. branches of the right SUD. Cerv. gang. 
close to the ganglion. 
148 days later. The right cerv. symp, caused normal effects on the right side, i.e. a 
good many of the post-ganglionic fibres had diverged from the path afforded them by the | 
nerve to which they were sewn and had joined their own peripheral ends. It caused on 
the left side a slight effect on the nictitating membrane and eyelids ; a very slight effect on 
the pupil (the trifling dilatation produced was prompt, all round the pupil, but more on 
the malar than on the nasal side); erection of one or two hairs in the face area ; and 
slight to moderate pallor of the ear. 

After application of warm 1 p.c. nicotine to the right ganglion, the right cerv. symp. 
had (for a time) no effect on the right side, its effect on the left side was unaltered, i.e. the 
pre-ganglionic fibres producing the effect on the left side did not end in the cells of the 
right ganglion but ran through it. 

After application of warm 1 p.c. nicotine to the left sup. cerv. ganglion, the right cerv. 
symp. had no effect on the left side (the paralysis however was of less duration than 
usual with sympathetic ganglia), i.c. the pre-ganglionic fibres which ran through the 
right ganglion ended in the nerve cells of the left ganglion. 

Microscopic examination showed that about 4 of the fibres of the anterior branches 
of the rt. sup. cerv. gang. were firmly joined to the opposite cerv. symp. ; medullated fibres 
were present in the whole intervening region. There was also a number of nerve cells, 
showing that in one of the anterior branches the nerve cells had stretched farther forward 
than usual, and these had been cut through, thus cutting through a small number of 
pre-ganglionic fibres. The experimental results indicate that these pre-ganglionic fibres 
were the only ones to make connection with the cells of the opposite sup. cerv. gang. 


7. ‘THE UNION OF POST-GANGLIONIC NERVES WITH 
SOMATIC EFFERENT NERVES. 


We ele so far, only made one experiment of this kind, viz. the 
union of the anterior branches of the superior cervical ganglion with 
the hypoglossal nerve (Exp. 12). In this experiment, the cervical 
sympathetic did not acquire any action on the muscles of the tongue, 
i.e. the post-ganglionic fibres did not unite with the hypoglossal fibres 
supplying the tongue muscles. That there was an opportunity of union, | 
is indicated by the fact that the cervical sympathetic caused marked 
pallor of the corresponding half of the tongue after isolation of the 
sympathetic-hypoglossal strand, i.e. the post-ganglionic fibres of the 
sympathetic had united with the post-ganglionic vaso-motor fibres of 
the hypoglossal. On the other hand the experiment was not quite 
satisfactory since the central ends of the cut nerves had partly rejoimed 
their peripheral ends, and this would to some extent interfere with the 
union in question. 

PH. XXXI. 26 
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Union of post-ganglionic fibres of the superior cervical ganglion with the peripheral 
end of the hypoglossal. 

‘Exp. 12. Cat, half-grown. The hypoglossal nerve was cut near the skull, the anterior 
branches of the sup. cerv. gang. were cut just beyond the ganglion, and sewn to the 
peripheral end of the hypoglossal. 

961 days later. The rt. cerv. symp. caused considerable though not complete pallor of 
the right half of the tongue; the effect was rather greater than that produced on the left 
half of the tongue by the left cerv. symp. It had no effect upon the tongue muscle. It 
had however some effect on the pupil and eye, so that part of the anterior branches had 
remade their original connections. 

The rt. hypoglossal nerve from the neurome onwards caused contraction of the muscles 
of the tongue with some pallor, on cessation of the stimulus there was flushing (as normal) 
and fibrillar twitchings, especially at the edge. Thus the central end had remade 
connection with the peripheral end. 

After isolation of the sympathetic and the connected hypoglossal, the sympathetic 
caused pallor of the tongue, but no other effect. en | 

Microscopically a small non-medullated strand was traced from the superior cerv. 
ganglion to the hypoglossal, but the main strand curved away from the nerve. Both the 
hypoglossal and the internal carotid nerve-bundles contained many medullated fibres, and 
a considerable number of the fibres in the proximal end of the internal carotid bundles 
were larger than normal, about the size of the hypoglossal fibres. 


SUMMARY OF RESULTS. 


1. When the central ends of two limb nerves are joined, no functional 
union takes place between them; impulses set up in one nerve cannot 
pass across the neurome to the other nerve. The fibres of one nerve 
may grow a short distance down the other nerve but the distance is at 
most short. This confirms the result obtained by Schiff and by 
Stefani. The result has also been recently confirmed by Bethe. 

2. According to Bethe when the peripheral ends of two limb 
nerves are joined in puppies functional union of the two nerves may 
take place. In our experiments on rabbits and cats, such functional 
union did not occur. | | 

3. When the central end of a limb nerve has an opportunity of 
joining with two peripheral nerves, stimulation of one peripheral nerve, 
after complete severance of the conjoined nerves from the central 
nervous system, may cause contraction of the muscles innervated by 
the other. We consider this to be an axon reflex, set up in fibres from 
the central end, one branch of which has joined one peripheral nerve 
and the other branch joined the other peripheral nerve. 

4. When one of the peripheral nerves consists entirely of afferent 
fibres an axon reflex may still be produced by stimulating it. Since 
efferent fibres do not so far as is known unite with afferent fibres, the 
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axon reflex obtained supports the view that regeneration takes place by 
a down growth of axis cylinders. 

5. The crural nerve can make functional union with the sciatic and 
so be artificially lengthened. This is in harmony with Bethe’s 
observation that the sciatic can be elongated by joining it with the 
sciatic of the opposite side. The cervical sympathetic can also be 
elongated by joining it to the cervical sympathetic of the opposite side. 

6. We do not find that the internal saphenous nerve when joined 
to the sciatic acquires a motor effect. : 

7. The phrenic nerve when united with the cervical sympathetic 
ean cause the usual effects produced by stimulating the latter nerve. 

8. Weconfirm Mislavski’s result that the cervical sympathetic can 
unite with the recurrent laryngeal nerve and cause movement of the 
vocal cords. The movement is due to contraction of the thyro-arytenoid 
muscle and to unilateral contraction of the arytenoideus muscle. We 
find also that after functional union has taken place, section of the 
cervical sympathetic causes degeneration of the medullated fibres in the 
recurrent laryngeal, except for a few which arise from the superior 
laryngeal nerve. 

9. The cervical sympathetic can unite with the phrenic nerve and 
cause contraction of the diaphragm. 

10. The cervical sympathetic can unite with the spinal accessory 
nerve and cause contraction of the sterno-mastoid muscle. 

11. We do not find that either (a) the afferent fibres proceeding 
centrally from the ganglion of the trunk of the vagus or (6) the af- 
ferent fibres proceeding peripherally in the great auricular nerve or 
(c) cutaneous afferent fibres, can unite with the peripheral end of the 
cervical sympathetic in such a way as to transmit nervous impulses to — 
it or to the superior cervical ganglion. 

12. We do not find that the cervical sympathetic—after excision 
of the superior cervical ganglion—can make functional connection 
with. the fibres leaving the anterior end of the superior cervical 
ganglion, We consider then that pre-ganglionic fibres cannot make 


_ functional connection with post-ganglionic fibres. 


13. We do not find that the post-ganglionic fibres leaving the 
anterior end of the superior cervical ganglion can form functional 
connection with the pre-ganglionic fibres of the opposite. cervical 
sympathetic (one experiment only). 

14. We do not find that the post-ganglionic fibres leaving the 
anterior end of the superior cervical ganglion can make functional 
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‘connection with the hypoglossal fibres supplying the tongue muscles, 
although they do this with the vaso-motor fibres of the hypoglossal 


(one experiment only). 


REMARKS AND GENERAL CONCLUSIONS. 


The nerve fibres with which we deal are obviously divisible into 
four classes, (a) the efferent fibres which run from the central nervous 
system and end in multi-nuclear striated muscle cells (efferent somatic 
fibres), (b) the efferent fibres which run from the central nervous system 
and end in ganglion cells (pre-ganglionic fibres), (c) the efferent fibres 
given off by the peripheral ganglia (post-ganglionic fibres), and (d) 
afferent fibres connected with nerve cells in the posterior root ganglia. 

From a consideration of the whole of the observations which have 
been made upon the cross union of fibres we draw the following 
conclusions, though we readily admit that the evidence is still incom- 

lete. 

: 1. The central end of an efferent fibre can make func- 
tional connection with the peripheral end of any other 
efferent fibre’ of the same class whatever be the normal 
actions produced by the two nerve fibres. 

For the fibres of Class a this is generally recognised as regards the 
nerve fibres which run to the muscles of the body and face, and we 
think there is sufficient ground for including with these the nerve fibres 
which supply the striated muscle of the tongue, pharynx and larynx. 

Evidence with regard to the nerve fibres of Classes b and c has been 
given by one of us* elsewhere. 

2. The central end of any efferent fibre of Class a can 
make functional union with the peripheral end of any fibre 
of Class 6, and the central end of any fibre of Class b can 
make functional connection with the peripheral end of any 
fibre in Class a. 

There is then a fundamental resemblance between the nerve fibres 
of these two classes, i.e. between all the efferent fibres which leave the 
spinal cord whether they end in multi-nuclear striated muscle or in 
peripheral nerve cells. 

? It is known that the afferent fibres of one nerve can unite with the afferent fibres of 
another nerve, but the evidence is insufficient to show whether the nerve fibres giving rise 
to one sensation can unite with fibres giving rise to another sensation. 

* Langley. This Journal, xx1t. p. 215, 1897. 
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| Tt is to be noted that when a somatic efferent fibre ‘unites’ with. 
; a pre-ganglionic fibre its termination is shifted from striated muscle to 
nerve cells, as can be shown by applying nicotine to the nerve cells. 

3. The experiments we have given above indicate that the peri- 
pheral ends of cut nerve fibres exert a chemiotactic influence on the. 
central ends, that this chemiotactic influence is greater between the 

: efferent fibres of Class a amongst themselves, and between the fibres 
of Class 6 amongst themselves, than it is between the efferent fibres of 
one class and those of the other, and it seems to us probable that this 

_ chemiotactic influence has numerous gradations. 

There are several earlier observations bearing on this point. — 

Bidder in his experiments on cross union of the hypoglossal and 
lingual was struck with the way in which the nerve fibres left the 
nerve to which they were sewn and rejoined their own peripheral ends. 

e Similar facts have been observed by all subsequent observers. _ 

Schiff dwelling on the fact of the ready union of one motor fibre 

, with another, and of the difficulty or impossibility of uniting sensory 

and motor fibres came to the conclusion that the nutritive conditions 
of the two kinds of nerves must be essentially different in nature. 

In the experiments on the union of pre-ganglionic and _post- 
ganglionic nerves made by one of us it was found that the great | 
| majority of the nerve fibres in regeneration made their normal, and that 
a few made abnormal, connections; it was suggested that this must be 
due to some chemiotactic influence. 

Forsmann whose observations are strongly in favour of an attractive 
influence being exerted by nerve substance on central outgrowing 
nerve fibres, does not find that regeneration is quicker with union than 
) with cross union of the nerves to the limbs ; but it seems to us that the 
question of chemiotactic influence for such nerve fibres would be better © 
determined by stimulating the nerve roots after regeneration of the 
sciatic and observing what normal and what abnormal connections have 
been made. 

4. From what has been said in n Clause 2 it follows that we may 

_ reduce the four classes of nerve eines to three as regards the possibility 

of their union. 

A. Efferent fibres proceeding oen the spinal cord. 

| B.  Post-ganglionic nerve fibres. 

} : ©. Afferent nerve fibres. 

© We conclude from the experiments given above that functional 
union is not possible between fibres of Class A and Class B, With 
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regard to the union of afferent with efferent fibres and vice versd, the 
term functional union is inappropriate. The experiments of Schwann 
and Schiff show that in the nerves of the limbs afferent fibres when 
joined to efferent fibres do not acquire any motor action, we have 
given an experiment confirmatory of their result; the observations of 
Vulpian and others show that the proper afferent fibres of the lingual 
nerve do not acquire motor power when joined to the hypoglossal 


nerves; and our own experiments go far to show that afferent fibres do — 


not acquire a motor effect when they are joined to pre-ganglionic fibres. 
We conclude then that afferent fibres are incapable of uniting with 
efferent fibres in such a way as to give motor effects, from which it 
follows that afferent nerve fibres cannot coalesce with efferent fibres. 

The observations do not exclude the possibility that afferent fibres 
may grow down the course of the efferent fibres, and form afferent 
‘ nerve-endings, which from character or position, are incapable of 
transmitting nervous impulses to muscle, gland, or motor nerve cells. 
Hence if the ordinary regeneration of a cut nerve consists in a growth 
from the central ends, there might be a similar regeneration when sensory 
nerve is joined to motor nerve, though the regeneration in this case 
would have no appreciable functional value. 

The experiments which have been made on the union of fibres 
of Classes A and B with fibres of Class C show we think fairly 
conclusively that a motor nerve when united with a sensory nerve does 
not acquire motor power. But this might be due on the theory that 
the fibres unite, to the afferent nerve-endings being unable to transmit 
impulses to the muscles, and on the theory of central out-growth to the 
new motor endings formed being out of range of the muscles, 

Still as we think sensory fibres do not coalesce with motor fibres, we 
think it unlikely that motor fibres should coalesce with sensory, and 
we conclude provisionally that the nerve fibres of the three classes 
mentioned above are incapable of coalescing with one another. 
In all cases the fibres of the central end grow some distance into the 
peripheral end, and the extent of out-growth is probably dependent on 
the nutritional value of the peripheral nerve. 

5. In Exps. 7 and 8 afferent fibres grew out amongst the nerve 
cells of the superior cervical ganglion; the fact that the fibres did 
not transmit impulses to the ganglion was we think due either to the 
fibres only forming nerve-endings in appropriate surroundings, or to the 
nerve-endings being unable to affect the nerve cells, And similar 
considerations apply to other cases of cross union. | 
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6. Whether the regeneration which takes place when fibres of the 
same class are united is due to coalescence or to down growth we regard 
as an open question notwithstanding the interesting researches of Bethe. 
We hope however that a microscopical examination of the kind of nerve — 
endings formed in the cross union of somatic and pre-ganglionic fibres 
may help to decide the question. On the one theory the nerve-endings 
should have the character of the endings of somatic nerve fibres, and on 
the other that of the endings of pre-ganglionic fibres. 
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THE ELASTICITY OF ANIMAL TISSUES. By JOHN 
BERRY HAYCRAFT, M.D., D.Sc., Professor of Physiology, 
University College, Cardiff. (Twenty-three Figures in Text.) 


As long ago as 1678 Robert Hooke published his work De potentid 
restitutiva, and in it maintains the proposition “ut tensio sic vis, ” or “ the 
power of any spring is in the same proportion with the tension thereof.” 
In this work he speaks of “ metal, wood, stones, baked earths, hair, horns, 
silk, bones, sinues, and glass,” and maintains that they all observe, what 
we now call Hooke’s law, when stretched. The experiments of modern 
physiologists do not agree with this, and quoting from Roy’ we may 
say that “ with animal tissues Hooke’s law does not hold good—excepting 
in the case of bone. The increments in length produced by the addition 
of successively increasing weights diminish gradually in proportion to 


the weights employed.” My own interest in the matter was awakened © 


three years ago by observing that when—in a class demonstration—a 
pithed but unskinned frog was taken, the gastrocnemius muscle, uncut 
from the body and not previously stretched, followed Hooke’s law when 
lightly weighted. The experiments shortly to be described were then 
conducted. 

Methods already in use. The common plan is simply to attach a 
lever with a scale-pan to the muscle. The lever writes on a smoked 
surface, and equal weights are placed in the scale-pan at equal intervals 
of time. This method has the disadvantage of giving the result in 
“steps,” each step being the result of the application or withdrawal of 
a weight. It is of course impossible to apply the weights without some 
mechanical shock which will more or less disturb the result. There are 
other obvious disadvantages, such as the curved downstrike of the lever. 

Another method, which we owe to Marey’, is to apply gradually 
increasing weights by means of a stream of mercury, flowing into a flask 
attached to the muscle. The weight is then removed by allowing the 
mercury to flow out of the flask. This plan I have tried on several 


* Roy. This Journal, 11. p. 125. 1881. 
* Marey. Functions de la Vie, 1868. 
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_oecasions, but have been obliged to give it up because of the impossi- 
bility of obtaining an uniform flow of mercury. The oscillations of the 
lever when the first flow of mercury commences is also a great difficulty 
in spite of the damping action of a vessel full of oil into which a vertical 
projection of the lever dips. 

The method employed by Roy (op. cit.) is one which is applicable to 
the investigation of the expansion of a closed cavity, like that of an 
artery or vein. It will, it is hoped, be discussed in a future paper. It 
does not concern us here. 

The method adopted by Brodie? appears to have given very good 
results judging from the curves which he has obtained. These are 
traced by an instrument, which it is impossible to describe in a few 
words. One may say, however, that the stretching force is applied by 
clockwork through a series of pulleys, and is taken off in the same 
manner. Then the writing point of the lever is so arranged that it 
writes straight up and down, instead of forming a curve, as is ordinarily 
the case. 

Blix’s apparatus, which is figured in Schafer’s Teat-Book of 
Physiology, u. p. 404, appears also to be admirably devised. It is 
suited for experiments with the excised muscle, but could hardly 
be used for the muscle im situ and still less for other experiments— 
such as the extensibility of clotted milk, blood, etc. The writing point 
does not write vertically up and down the paper. 

I should probably have employed this apparatus, or that of Brodie, 
had I not as my mechanical assistant a man, Mr Josiah Miles, who in 
every way was capable of helping me. [ shall always recall with the 

greatest pleasure his skilled labour and active helping mind. 
_ Description of the Instrument used. In order to understand the 
instrument used in the following experiments we may consult Figs. 1 to 6. 
Fig. 1 represents the apparatus arranged for taking a tracing of the 
gastrocnemius muscle of a frog, which is represented in the upper part 
of the figure. , 

The muscle is connected with a lever to the left of its fulerum by a 
thread of glass (the thread is not shown in Fig. 1). A weight, to which 
a scale-pan hangs in which additional weights may be placed (W in 
Fig. 3), is made to travel uniformly along the slot in the lever. Its 
motion is first to the left and to the end of the slot, and this depresses 
the lever. The motion is then reversed—how this is done will afterwards 


1 Brodie. Journal of Anatomy and Physiology, xxix. p. 367. 1895, 
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be explained—it travels back to its original position, and the lever is 


raised once more. The motion of the weight is brought about, in a 
manner subsequently to be described, by the rotation of the wheel 
(D, Fig. 3), first to the right and then to the left. 


Fig. 2. 


The point (A, Figs. 2 and 3) that writes the tracing is seen in the 
middle of a rod which is seen to project obliquely downwards from the 


tip of the lever, and which is connected by a straw (B, Fig. 3) with a 


long arm which projects twice the length of the lever. The writing 
point will write vertical lines—not curved lines—when the lever is 


displaced upwards or downwards. 


By means of the weight (K, Fig. 2), which may be screwed towards 
or away from the fulerum, the lever may be balanced upon its fulcrum. 
This is of course done before an experiment is performed. 

The wheel D can be set in motion one way or the other, and can be 
stopped by a cord which passes obliquely downwards to an instrument 
called the “reverser.” By means of a thread this turning of the wheel 
D causes the weight (W) to move in a way that will afterwards be 
described. 

The “reverser” is an instrument. that we have devised for trans- 
mitting a motion from, say, one disc rotated by clockwork to 
another—in this case the wheel D—and then by a sudden movement of 
the handle (7, Fig. 6) reversing the movement of the wheel D. By 
moving the handle 7’ until it points horizontally the wheel (V) stops 
moving altogether and so does the wheel D. The “reverser” is con- 
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nected by an endless cord passing horizontally from an upper wheel to 
a clockwork drum or an electromotor, not shown in the diagrams, from 
which also comes off the cord to drive the Birch’s drum upon which 
the tracing is made (Fig. 1). 7 

The tracing is taken by means of a series of induction sparks. It is 
of course important to avoid friction altogether, and the rubbing of the 
writing style upon a smoked paper, and still more the writing of a 


style dipped in ink would give an unknown but quite appreciable 
fallacy in the curves taken. Professor Schafer, who examined the 
apparatus while it was being made, suggested the use of induction 


_ sparks, which I have tried with very great success. The wire X, Fig. 1, 


which passes from a Ruhmkorff coil, is attached to the metal upright 
holding the lever, and is therefore in metallic connection with the 
writing point (A). Sparks pass from this through air, and through the 
paper, ruled in equal squares, on to the metal cylinder. The current is 
then transmitted through the cylinder, and its supports, to the wire Y 
and back again to the Ruhmkorff coil. I find that it transmits the sparks 
better, and that they do not burn the paper if it is dipped into water 
before it is placed on the cylinder. It is also advisable to turn the 
paper round, so that the equal squares are next to the cylinder, and are 
not as they are represented in the diagram. In this case one avoids 
burning, and one obtains the tracings in the form of a series of pin- 
point apertures with little or no discoloration of the surrounding paper. 

It is of course necessary that the writing point from which the 
sparks proceed should be close to, although not touching the paper. If 
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this rule is not observed the sparks often fly to one side or the other and 
give irregularities in the tracing which are not due at all to the move- 
ments of the lever. 

The method used for connecting the muscle, etc, with the lever 


requires some remark. Various methods were tried ; silk, cotton, thread, — 


very fine chains, etc., etc. These were all found to elongate a little 
even with the small weights applied. Principal Griffiths here came to 
my assistance and suggested glass. This I tried, and it gave me 
completely successful results. Thin glass tubing was heated, and drawn 
out until it was no thicker than a stout thread. A piece three or four 


Fig. 4. Fig. 5. 


inches long was then broken off. One end of this, about one-third of 
an inch in length, was bent by a flame to an angle of about 60°. The 
other end was heated until-it melted and formed a rounded knob. The 
latter was tied to the tendon of the muscle, etc., and the former was 
passed through a hole in the lever (Fig. 4). 


Let me give now one or two details regarding the instrument. | 


In the first place, let us consider the movements of the weight W 
along the slot towards P and then back again. This is brought about 
by an endless thread which passes from the wheel D, Fig. 5, up to the 
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lever. It will then be seen to bend round a tiny wheel (0) at right 
angles and to the left, continue horizontally forwards, past the weight W, 
to which it is attached, and run round a wheel P placed horizontally at 
the end of the slot. The thread then passes backwards again towards 
the fulcrum of the lever, at which it is bent upwards at a right angle by 
another tiny wheel NV, towards a wheel M, around which it passes. 
Thence it may be traced downwards to the wheel D from which it. 
started. This it will be observed forms a continuous thread fastened to 
the weight W. If the wheel (D) moves from left to right the weight, 
with a vertical white line painted upon it, moves in the slot towards the 
point of the lever. If the wheel be turned from right to left the weight 
moves backwards to its original position. 

There are one or two essential points to be remembered in connection 
with the position and run of the thread. In the first place the tiny 
wheels O and N placed near the axis of the lever have to be considered. 
They must be placed so that the threads passing along the lever to the 
horizontal wheel P are parallel with each other, and at the same time 
in line with the axis of the lever. If this is not most carefully adjusted 
rotation of the wheel D will cause the lever to move upwards or 
downwards even when the weight W is not attached to the thread and 
remains stationary. 

In the second place, the wheel V must be as much above the axis as 
the wheel D is below it, otherwise a stretching of the thread would 
result in changing the direction of the pull. It will be noticed that 
when the lever is in the horizontal position the lines P, 0, D, and 
P, N, E (Fig. 3) form two right angles. When the lever moves 
downwards P, 0, D becomes an acute angle, while P, NV, HE becomes 


obtuse. The two angles will compensate each other and the tension 


of the thread will remain constant. 

The reverser is the only portion of the apparatus which has not been 
described. An endless thread connects the wheel D with the wheel V, 
which is in similar connection with the wheel 7. This wheel works on 
a horizontal axis, which axis also carries the bevel friction wheel (a). 
The upright spindle R is papel of rotation, being held i in position 
at two fixed points. 

Between these two points is a diab coned roller (S) which has a 


vertical movement upon the spindle R, but is at the same time so fixed 


that the spindle carries it round with it. The roller S is capable of 
being moved upwards or downwards by means of a pivot—with a 
small roller fitted upon it—which projects from lever 7' into a turned 
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rectangular groove (U) in roller S. When roller 5 is pressed down into the 


position shewn in the diagram, by the’ hand grasping T, and spindle R 
is rotated—by a clockwork drum for example—in the direction indicated 
by the curved arrow, the wheel (a) rotates from left to right, so does the 


Fig. 6, 


wheel V and the wheel D in connection with the marking lever. If 
however the roller S is raised, by raising 7’, so as to bring the cone into 
contact with the under surface of wheel (a) the whole motion will be 
reversed, and the wheel D will rotate in the contrary direction. If the 
roller S is moved in the central position so as to be out of touch with 
both the upper and under surfaces of wheel (a), this wheel would cease 
to rotate, and so would V and D, and the weight ( W) would stop as well. 

An experiment is conducted in the following manner. Having 
arranged the experiment as in Fig. 1 and having seen that the weight 
is in its primary position, and the handle of the reverser is horizontal, 
so that neither of its wheels touches the wheel (a), you allow the 
interrupted current to spark from the tip of the writing point through 
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the paper and on to the cylinder. You then start the electromotor or 
the revolving cylinder, which turns at the same time the writing 
cylinder and the upright spindle (R) of the reverser. - Then you raise 
the lever 7’ of the reverser sharply, and the weight will travel at once 
from the fulcrum outwards and towards the left, and the sparks will 
indicate the movements of the lever. At the moment in which you 
wish to reverse the direction of the weight you do so by depressing to 
the full the lever of the reverser. When you reach the point from 
which it started you raise the lever 7 once more to the horizontal. 

In these experiments on elasticity we shall not follow the order in 
which they were made, but shall attempt to arrange them in series, 
taking together for example those tissues from which gelatin may be 
extracted. We shall leave the muscle until the last, hoping in another 
paper to finish this most important subject. 

Gelatin. In order to obtain a curve from gelatin two or dures 
plans were at first employed, but the following was found most success- 
ful. It will be described somewhat in detail, as curves, subsequently to 
be described for clotted blood and milk, were obtained by the use of the 
same apparatus. 

About half a litre of warm liquid gelatin was poured into a basin 
(a, Fig. 7), and suspended in it was a piece of wire (c), terminating above 


Fig. 7. cae Fig. 8. 


in a loop, and below in a disc of perforated zinc (b). The disc lay horizon- 
tally, about 2 centimetres below the surface of the gelatin. When 
the gelatin had solidified, it was placed on the table below the lever and. 
behind its fulerum. A piece of glass of sufficient length was then taken 


| 
> 
C 
a” 4 
Woes 
- 
>. a 


400 3 J. B. HAYORAFT. 


and the wire was connected with the lever behind and below the 
fulcrum. 

The handle of the reverser was then raised until the weight had 
travelled to 10 grammes, it was then depressed to its fullest extent, 
causing the weight to travel back. When it had reached the spot 

from which it had started the handle was raised half-way and the 


experiment stopped. 


i 
i 


Fig. 9. 


One learns from a study of this curve (Fig. 9) that gelatin follows 
Hooke’s law most accurately, the extension and subsequent retraction 
being equal to the extending force. The line which the gelatin gives with 
the gradually increasing weight is a straight line, and so is the retraction 
when the weight is taken off. It will be seen that the gelatin com- 
_ pletely recovers its former shape and that at once. Gelatin as is well 
known has no microscopic structure at all; there is, unlike clotted milk, 
no evidence of fluid between microscopic fibrils. 

Tendon. One of the most important structures out of which gelatin 
~ may be obtained by boiling is tendon. A specimen was obtained from 
the tail of a freshly killed rat. It was about 5 centimetres long and 
about as thick as a pin. It was held 
above by a pair of gripping forceps 
and below it was attached to the 
lever—in front of the fuleruam—by 
a glass style. The glass style was 
tied firmly to the tendon. The scale- 
pan of the lever was weighted with 
20 grammes and the.weight be- 
hind the fulerum adjusted until the 
tendon was hardly stretched at all. 
The weight was then allowed to Fig. 10. 
travel until it had registered 60 
grammes, and was then allowed to come back to zero. 
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The elongations follow Hookes law perfectly, but the retraction 
does not (Fig. 10). In coming back the tendon makes a curve like the 
one given by an overweighted muscle. It takes about five minutes 
completely to recover. No doubt were the experiment a very slow 


one recovery would-have taken place. 


The tendon of the rat’s tail stretches comparatively easily. Most 
tendons and ligaments do not. The fresh tendon of a pig’s trotter was - 
tried. It did not stretch as easily but it gave practically the same curve. 

Bone. The softened bone of an ox’s rib was taken, and pieces were 
planed off with a carpenter’s plane in a direction parallel with the run — 
of the bone. They were of course very thin. In size they were about 
5 cm. long, ‘5 cm. broad, and about twice as thick as ordinary writing- 
paper. Their elasticity was tested in the same way that was used for 


ij 


ij 


Fig. 11. 

tendon. The results obtained were practically the same (Fig. 11). The 
weighting followed Hooke’s law, while the removal of the weight caused 
a slight curve, and the lever did not at once assume its original position. 

It was thought advisable to verify the results already known 
regarding an unsoftened bone. The instrument that I used was of 
course insufficiently powerful to stretch even a thread of unsoftened 
bone. The plan that suggested itself was to stretch bone by means of 
a “testing machine.” Prof. Elliot, my colleague in the Engineering 
department, possesses one of the best of these instruments, and with the 
greatest kindness and courtesy he undertook to do the experiment for 
me. We used the human femur, which is a bone sufficiently long for 
the purpose, and it is approximately straight. It was trimmed by means 
of a saw into a long cylinder over a foot long, and its ends were gripped 
by “grips” of steel. In order to prevent the grips from slipping outwards 
the heads and much of the bone near them were retained. The grips 
with the bone between them was then placed in the testing machine. 
The results of one of our experiments was as follows: 
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eon) Minch). (fon) (inch) 
0-02 = 80605 0°07 = 80625 
0°03 = 80609 0°06 = 80622 
0-04 = 80613 0°05 = 8-0620 
0°05 = 80616 0°04 = 8°0617 

006 = 80620 0038 = 80612 
0°07 = 80625 = 80610 


It will be seen then that the bone roughly follows Hooke’s law. In 
its relaxation it does not quite return to its original length. This we 
shall see is the case with many other bodies. 

We had nearly gone in this case to the limit beyond which the bone 
breaks. In a subsequent experiment with the same bone-we increased 
the load up to 0°11 ton, and the bone gave not only an audible “crack” 
but it did not come back nearly to its original length. 

The tissues which yield gelatin on boiling give very much the same 
curve as gelatin itself, especially that portion of the curve which is due 
to extension. The tissues, however, take time to recover their former 
’ length, and in this respect differ from gelatin. 

Hyaline cartilage consists of a mixture which we may call chondrogen 
and which yields on boiling at a high pressure a substance “chondrin,” 
allied to gelatin. We should expect this tissue to give a curve similar 
to that which is given by a gelatin yielding body. 

About 7 inches of the rib cartilage of an ox were taken, the 
perichondrin was stripped off, and shavings were taken by means of 
a plane. They were about 8 centimetres long, 1°5 centimetres. broad, 
and of the thickness of a shaving. The tracing given below was taken 


Fig. 18. 
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with weights from 0 to 60 grammes. It followed Hooke’s law on 


stretching, and on relaxing it nearly did so. In about five minutes : 


it recovered its original length (Fig. 12). 

The next tracing was obtained from a heavier load, 0 to 90 grammes. 
When it was loaded to almost 86 grammes the cartilage gave way and 
broke (Fig. 13). 

This was the only form of cartilage tested, for obvious reasons. 
White fibro-cartilage consists of white fibres, the curve of which has 
already been given, mixed with a certain quantity of hyalin matrix 
around the cells. Yellow elastic cartilage cannot be obtained free 
from hyalin matrix. The curve of yellow elastic tissue will now be 
given. 


parallel with each other the ligamentum nuche of the ox was selected 
for experiment. Ifa slight traverse cut be made through a part of this 
ligament, and the head of the ox bent downwards, the cut gapes, but if 
the head is raised the cut closes over, and the ligament is readily 
‘displaceable to the side by the hand. The fibres composing the 


ligamentum nuche are evidently not in action when the ox raises its 
head above the horizontal, but are stretched when it lowers its head to 


graze. It is evident therefore that when this ligament is cut from the 
body it is at its shortest length, and of a length to which it recoils 
-whenever the head of the animal is raised. __ 

The ligament was removed from a freshly killed animal, and 
immersed in warm defibrinated blood, and brought at once to the 
laboratory, where its elasticity was tested. The ligament was kept 
warm so as to imitate as much as possible the conditions observable in 
the living animal. In order to keep the temperature of the ligament 
normal, it was then immersed in warm normal saline solution, and 
attached to the apparatus seen in Fig. 8. This consisted of a bent piece 
of brass (b) with a hook at one extremity, and to this hook almost an inch 
and & half of the ligament was tied (c). The upper end of the ligament 
was attached by a fine glass rod, with the portion of the writing lever 
behind the fulcrum (e). A scale of millimetres was attached (d) to the 
bent piece of brass in order to be certain that the ligament was not 
overstretched. The normal stretching which occurs was noticed in the 
ligament before its removal from the body. 

It will be noticed that this ligament follows Hooke’s law while the 
stretching occurs (Fig. 14). It almost follows it when the weight is 
lessened. No doubt on performing the experiment more slowly the 
ligament will come back to the point at which it started. 


27—2 


Yellow elastic tissue. In order to obtain the fibres of elastic tissue 
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« Experiments were then made with some purified ligamentum nuche 
(Gribler), As is well known, a certain amount of ordinary gelatinous 


: 


Fig. 14. 


tissue is mixed with the yellow elastic fibres. It was to obtain the ; 
tissue free from this admixture that the Griibler’s elastic tissue was 
used. It gave practically the same curve. 7 , 

Blood-clot. In the first experiments blood was allowed to clot 
outside the body in a vessel (Fig. 7) into which a wire terminating in 
a disc of perforated zinc was placed. The blood which had been 
removed from a dog was placed directly in an incubator and kept warm— 
at the body temperature. The clot which formed did not shrink at all 
and there was no serum at all exuding from it’. 


Fig. 15. 


In subsequent experiments it was not found necessary to keep the 
blood at a body temperature, the same curves being given in all cases. 
As the weight was increased to 60 grammes, the curve followed Hooke’s 


1 It appears that the shrinkage of the clot is caused by cooling the : - 
clot kept in the incubator for two or three days does as pepe ree a cr 
exudes. Blood which is received directly from a severed artery into sterilized test-tubes— 
which are subsequently sealed up—remains without evidence of a drop of serum if kept 
for weeks in an incubator. On account of the temperature the exudation of serum from 
Sith when the arteries of the body near wound are filled 

up the ad remains i them, 
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law (Fig. 15") in diminishing the weight the lever rose almost to its 
original level, which it finally reached in about five minutes. 

Fibrin from blood. The curve produced by stretching and sa 
releasing the fibrin freshly prepared from ox’s blood was then obtained. 
It showed practically the same curve as the last one. The fibres were - 
hung downwards, and were attached by a glass rod to the _— between 
its fulcrum and writing point (Fig. 16). 


Fig. 16. 7 Fig. 17. 


Clotted milk. Milk is poured into a glass (Fig. 7) and the — 
perforated zinc held about 1 inch below its surface by the piece of 
wire. The milk is then mixed with rennet and allowed to curdle. As 
soon as the clot is formed the wire springing from the zinc is connected | 
with the lever behind the fulcrum by a rod of glass. 

It follows Hooke’s law when the weighting is applied (Fig. 17). On 
bringing back the weight to the point at which it started the lever does 
not at once resume its original position. It resembles fibrin and blood 
in this respect, and in the microscopical character of the clot. 

Skin. The elasticity of the skin on the ulnar side and on the back 
of the hand was taken in the following manner. A piece of sticking- 
plaster half an inch square was perforated at its centre with a pin. The 
sticking-plaster was warmed and fastened on the skin, with the pin 
sticking through the plaster, its head being upon the skin. The point 
was then bent round into a hook, which was attached to the lever 
between the weight and the fulcrum by a glass rod. The hand rested 
upon the table, and the eyes were directed away from the recording 
lever for obvious reasons. 

The stretching of the skin followed Hooke’s law. ‘N o doubt had the 
stretching been continued we should have found that with equal 

1 The arrow has been CC to the right, i should have heen 
pointing to the left. 
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weights less and less extension of the skin would have taken place. A | 
minute’s experimentation with the skin will convince us of this fact. | 
With weight up to 60 grammes the stretching was proportional to ; 
the stretching force, but with heavier 
weights the curves would no doubt d 
differ. The relaxation did not follow § 
Hooke’s law exactly, and the curve 
did not assume at once the position ie 
from which it started. 

In the case of this curve we have Fig. 18. 
to deal with the curve of white fibrous | 
tissue and elastic tissue together with that of the epithelium of the 
skin itself. The next tracing, that of the hair, gives the best idea 
of epithelial structure. 

Hair. A piece of human hair about 1 foot long was attached to 
the lever between its fulcrum and the writing point. 

It was first stretched by the weight moving up to 20 grammes, and 
then back again to nothing. 


Fig. 19. 


The stretching follows Hooke’s 
law, and the relaxation does the 
same. 

The same hair was then stretched 
up to 50 grammes. Towards the 
last 20 or 25 grammes of weight 
the hair is evidently over-stretched 
and evinces a tendency to “give,” 
being the exact opposite of the 

' muscle weighted in a similar way. 
Tts relaxation on the gradual removal 
of the weight is at first slight, then stestessscs: sees: 
it follows Hooke’s law fairly well, Fig. 20. 
except at the end. The final retrac- 
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tion of the hair took quite five minutes, and the original length was 
never resumed, 

Striped muscle. The extension curve of a muscle has been variously 
described by different observers. Wundt? found that if light weights 
were used the elongation was proportional to the stretching force. 
v. Wittich obtained the same result, his curves being at first straight 
and following Hooke’s law*. Dondersand van Mansvelt*, who experi- 
mented with weights which elongated the muscles in a man’s arm, came 
to a similar conclusion. Brodie* comes to very much the same result; 
his curves at first are nearly straight, becoming of course curved when 
the weight is increased. 

Most observers, however, agree that the curve resembles an hyper- 
bola, and amongst these we may mention Wertheim’, F. Weber’, 
Marey’, Volkmann*, Heidenhain’, and Roy”. | 

It is of the gzeatest importance that the muscle be not stretched 
beyond its full physiological length, that is to say beyond the length to 
which it can be stretched within the body. A very slight weight will 
do this (10 or 15 grammes) in the case of the frog’s gastrocnemius acting 
upon a muscle which is at rest. Nevertheless most observers have cut 
a muscle from the body and have loaded it—in the case of the frog’s 
gastrocnemius with weights up to 300 grammes. This weight extends 
the muscle a long way beyond the length it ever reaches in life, and 
although this stretching may have its interest, the important point to 
settle is how does it elongate under physiological conditions? 

In order to find out the weight that would stretch a given muscle to 
its full physiological length the following plan was adopted. The 
gastrocnemius muscle of a medium sized English frog was tested, and 
the weight which would stretch it to its full physiological length was 
noted, and with the information thus obtained other experiments were 
afterwards conducted. 

In order to test the muscle a frog was pithed, and pinned upon 


1 Wundt. Die Lehre von der Muskelbewegung, 8. 32. 
2 y, Wittich. Ber. ib. d. Naturf. Vers. zu Hannover, 1865. 8, 238. 
8 Donders and van Mansvelt.: Over de elasticiteit der Spieren, 1868. 
....“ Brodie. Journ. Anat. and Physiol. xxrx. 1895. 
8 Wertheim. Ann. de Chim. et Phys. xu. p. 385—610, and xxt. Pp. 885. 
- Weber. Wagner's Handwirterbuch, 1846. 
«+ 7 Marey. ' Fonctions de la Vie, p. 299. 1868. 
8 Volkmann. Arch, f. Anat. v. Physiol. 1859. 
Heidenhain. Physiologische Studien, 1846. 
1 Roy. Journal of Physiology, ut. p. 125. 1881. 
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a frog-holder placed vertically, with one leg hanging down. The femur 
of this limb was then clamped firmly in position, and the skin over the 
tendo Achilles removed. A tiny spot of white paint was then placed 
upon the tendon so as to give a point which could be observed. Then 
two fixed points were taken, one behind the spot of white paint and the 
other well in front of it. These three points were placed in the same 
line, as judged by the eye looking from the front point. The toes of the 
frog were then bent forwards as far as they would go, which gives the 
greatest length to which the gastrocnemius muscle is ever extended 
during life. During this movement the white paint on the surface of 
the tendo Achilles was carried downwards. This throws the three 
points out of line, but they are brought into line once more in this 
extended condition of the gastrocnemius muscle by lowering the nearest 
point. Being careful not to shift the position of the leg, the tendon is 
cut, and attached by a glass rod to the lever. It is then weighted until 


~~ the musele is just as long as it, was before, which occurs when*the three 


points are once again in a'straight line. I find that 10—15 grammes is 
quite sufficient to extend the gastrocnemiug muscle of an English frog 
of medium size to its full physiological length. Obviously the stretching 
_ of a muscle with weight up to 300 grammes is quite an unphysiological 
experiment, involving probably the rupture not only of fibrous tissue, but 
very likely of the muscular tissue itself. 

Curves of the muscle were then obtained, care being taken not to 
apply more than 15 grammes of weight. It will be observed that when 


stretched to its full physiological length the muscle elongates equally — 


when equal weights are applied. My observations agree with those of 
Wundt, v. Wittich, Donders, and Brodie. 


Fig. 21. 


When the weighting of the muscle is lessened it shortens. It differs 
from an elastic band in that when the weight is lessened it does not 
recover at once. It then shortens, following Hooke’s law once more 


fairly well, but it does not recover its original length until some time 
afterwards, if at all (Fig. 21). | 
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Of course on applying a greater load than 15 grammes the ordinary 
curve is obtained (Fig. 22). sg einai performed upon a freshly-pithed 
rat gave similar results. 


tit 
Fig. 22. Fig. 28. 


‘In order to test involuntary muscle a slip of muscular tissue was 
removed from the sheep’s stomach, taking care not to stretch it. Trac- 
ings were then taken of it, and with the piece experimented upon loads 
up to 50 grammes followed Hooke’s law. It did not recover easily 
when the weights were removed, not so easily as voluntary muscle. 
With bigger weights up to 90 grammes the curve resembled voluntary 
muscle overstretched (Fig. 23). Experiments were also made with the 
bladder of the rabbit and they gave a similar result. ! 

Tt will be seen that all of the simple tissues of the body follow 
Hooke’s law when they are stretched within physiological limits. The 
relaxing appears to vary and Hooke’s law is not always observed. The 
different tissues vary in the time that they take to recover their former 
length. The time that each experiment lasted was rarely less than half 
& minute, rarely more than one minute. This appears to me to be 
important, for in life a stretching force is rarely applied for a longer 


period. 
I have much pleasure i in stating that the expenses of this seenran 
were borne by the — Society of London. 
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ON THE “SHAM-DEATH” REFLEX IN SPIDERS. By 
'T. BRAILSFORD ROBERTSON. (One Figure in the Text.) 


(From the Physiological Laboratory of the University of Adelarde, 
South Australia.) | 


As far as I have been able to ascertain from the literature to which 
I have access the phenomenon of feigning death or “sham-death” has 
not hitherto been subjected to physiological analysis, it is therefore 
hoped that the following notes may be of some interest. 

Species used. Three species were used for experiments—the first 
was Epeira producta (Koch) or one closely allied to it. This is a large 
spider commonly found near Adelaide, which spins large webs among the 
branches of Eucalypti and other trees. In the variety used, the surface 
of the body is dark brown, coated on the under side with silvery, and on 
the upper with dark brown hairs. It is largely nocturnal in its habits 
—only coming out to spin its web in the dusk. 

The second species in which the phenomenon of “ denecciath’ ” was 
studied was a species of Amaurobius, which does not appear to have 
been described. It resembles A. candidus (Koch) in the general 
character of its markings’, except that the median band on the 
abdomen is much narrower and is continued backwards between the 
two pairs of spots. It also differs from Amaurobius candidus in its 
ground-colour, which is dull black—the markings on the abdomen being 
light grey. The body is about half an inch in length. The third 
species used was Celenia ewcavata*. This remarkable spider is found 
on the bark of trees, on palings and walls, etc., generally motionless, with 
the legs drawn up close to the body. When viewed from a little 
distance it almost exactly resembles the dried excrement of certain 
birds. 


General features of the nervous system in spiders. The following 


1 Vide Die Arachniden Australiens. Dr L. Koch, Plate IV., Fig. 5. 
2 Ibid. Plate XXVI, Fig. 6. 8 Ibid, Plate XX., Fig. 1. 
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description of the nervous system in spiders is — from 


Degen of the nervous system of a spider (Epeira). E. eye; 
mth, mouth; Ce. cerebral ganglion (supra-cosophagesl), giving 
off nerves to the eyes; Th. thoracic ganglion, giving off nerves 
to the legs; add. abdominal nerve; 4 B. direction of section 
in decapitation. 


The nervous ‘system in Epeira lies chiefly in the posterior half of the 
cephalothorax. The supra-cesophageal ganglion is large and supplies 
nerves to the eyes and to the chelicers, it is connected by lateral 
commissures with the sub-cesophageal nervous system. The ventral 
chain of ganglia, in the spiders, are fused into one large ganglion 
situated in the cephalothorax. In Epeira this lies under the sucking- 
stomach and upon the ends of the gastric cxca, it is star-shaped with 
numerous rays, of which the four middle ones on each side are stouter 
than the anterior and posterior. The rays are continued into nerves ; 
of these the first pair is continuous with the circum-csophageal 
commissures, the second supplies the pedipalpi, the next four supply 
the four legs, and the posterior pair is continued back into the 
abdomen. 

General character of the reaction in Epeira (producta?). If the web 
which one of these spiders is engaged in spinning be roughly shaken 
the spider instantly draws up its legs close to its body—the front pairs 
only projecting slightly in front of the head, which is well drawn in 
under the thorax. 

In this position it is very readily mistaken for a ‘inlet or an accident- 
ally entangled piece of bark as, with the legs thus drawn up, it presents 
the least possible amount of definitive outline. 

It clings. tenaciously to its web—even relinquishing its “sham-death” 
posture in the endeavour to retain its position—but on being forcibly 
torn from its Pad and thrown to the ground it always assumes the 
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“sham-death” posture and is then very easily overlooked among the 
débris on the ground. aes 
Action of definite stimuli upon the intact animal. Specimens were 
inclosed in round glass-bottomed boxes such as entomologists generally 
use. It was found that a smart tap applied to the box generally elicited 
the “sham-death” response—but if the specimen was greatly excited 
and rushing about in the box at the time, the tap sometimes failed to 
take effect. If after a specimen had been thrown into “sham-death” 
by the application of a tap to the box the taps were continued—the 
animal was generally, after a longer or shorter period, roused to activity 
again—and then, even after several minutes had elapsed, the taps were 
generally inefficient. to promote the “ sham-death.” ne 
Slight and continuous stimuli—such as stroking, gentle shaking, etc. 
generally, except in very sluggish specimens, roused them to great 
activity—the spinnerets being especially active. It was noticed that, if 
permitted to run about freely, the spider generally came to rest in 
a spot which was relatively dark—thus it would persistently try to 
reach that side of a cloth upon which it was running about which was 
turned away from the window—and, therefore, poorly illuminated. — 
Nature of the reflex in decapitated animals. On-quickly snipping 
off the head (along the section A B in the diagram) inclusive of the 
supra- and sub-cesophageal ganglia all spontaneous movements immedi- 
_ In the uninjured spider a sudden tap of the box generally produced 
the “sham-death,” while smart taps with the forceps on the upper 
surface were nearly always effectual. : : 
In the decapitated spider the drawing up of the legs on the 
application of smart taps to the upper or under surface still continued 
but in quite a different way. In the uninjured animal the contraction 
is sudden, complete and continuous—it is a “complete tetanus.” In 
_ the decapitated animal the legs are slowly drawn in with an irregular 
wavy motion—each jerk inwards being followed by a slight retarn 
outwards—though tending on the whole to bring the legs in—so that 
after a few seconds the legs were almost, but not quite, as closely drawn 
up to the body as they would be in the intact animal, The legs then 
become quiescent, and if they are now drawn out and-the tap repeated 
the same result always follows—if no tap be applied the legs remain 
quiescent. No other movements could be elicited except a slight one 
on the part of the spinnerets, Owing to the force of the impact tending 
to exert a pull on the legs, the primary, and purely mechanical effect 
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ofa tap on the under surface is to jerk the legs inwards—but the reflex 


effect which I have described could always be seen beginning a short 
but perfectly perceptible interval after the mechanical effect. The 
same is true of taps applied to the upper surface—the body being placed 
on a piece of smooth paper—only in this case, since the body is partly 
supported by the legs, and the action of the impact is to depress the 
body, the mechanical effect of the blow is to force the legs outwards. 
When the taps were applied to the upper surface—owing to the 
resistance of the paper upon which they were resting—the legs were not 


_ usually drawn so far in as when the taps were applied to the under 


surface—thus showing that the reaction is weaker in the decapitated 
than in the intact animal. 

The abdomen was severed from another specimen of the same species 
of spider—the cephalo-thoracic part was stimulated to the liveliest 
activity—though smart taps were still able, but not invariably, to cause 
“sham-death” of the normal type. The thorax was then divided 
transversely so that the hinder part retained two pairs of legs. The 
front part went into continued “sham-death” tetanus, from which it 
could not be roused, while on the posterior part the legs remained — 
relaxed—though smart taps were still able to elicit (for a short time 
after the operation) a very feeble response of the same type as that 
noted in deeapitated specimens. 

This shows that the abdominal nerves play no past in the “sham- 
death” reaction—for severance of the abdomen from the thorax, which 
necessarily implies section of these nerves, produced precisely the oppo- 
site. effect. While it also shows that the ganglia of the two posterior 
segments of the thorax are, by themselves, capable of carrying out the 
reflex. 

These experiments were carried out in the warm season (January). 

General character of the reaction in Amaurobius sp. Amaurobius sp. 
is much more sensitive than Epeira sp., but its reaction is less complete. 
That is, Amaurobius sp. responds to much slighter taps ete., but in the 
“sham-death” its legs are not drawn up so close to the body as in 
Epeira sp. Amaurobius sp. is found near Adelaide and spins webs in 


the corners of outhouses, etc. The slightest shaking of its web induces 


the “sham-death.” 

Action of definite stimuli upon the intact animal. As in Epeira sp. 
it was found that taps applied to a box containing Amaurobius sp. 
induced “sham-death,” only in this species the taps required were much 
less forcible than in Epeira sp. Amaurobius sp. also resembles Epeira sp. 
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in its reaction to continued taps, but here again it is much more 
sensitive inasmuch as three or four taps in succession are generally 
sufficient to rouse it to activity again. So also a slight shake applied 
to the web which it had spun in the box was sufficient to induce 
“sham-death” but if the shaking was continued the spider was roused to 
great activity. i 

Nature of the reflex in decapitated animals. On snipping off the 
head, just as in Epeira sp. all spontaneous movements ceased. 

Just as in: Epeira sp. also, the “sham-death” reflex continued to be 
elicited by smart taps applied to the under surface, but was now a 
rhythmically interrupted tetanus. The rhythm was of the same nature 
as in Epeira sp., but there was not any perceptible interval between the — 
mechanical effect of the blow (alluded to when speaking of Epeira sp.) 
and the reflex effect—so that the reaction-time in Amaurobius sp. is 
much shorter than in Epeira sp. | | ae 

In the same way as in Epeira sp., if the legs were drawn out, in the 
decapitated animal, they remained quiescent till a tap or a similar 
stimulus was applied to the under surface. Owing to the resistance of 
the paper upon which the spider was placed, and partly perhaps to the 
weight of its body pressing on the legs, it was not found possible to elicit 
the “sham-death” response by taps on the upper surface of the 
decapitated animal. This would appear to indicate that the reaction is 
weaker in decapitated Amaurobius sp. than in decapitated Epeira sp. 
but it is not certain that the resistance was the same in the two cases. — 

_As in Epeira sp. when the thorax was divided transversely so that 
each part carried two pairs of legs, each part was able to carry out the 
reflex—nor, in this species, did the reaction appear to be weaker than 
in the animal that had been swiftly decapitated. In neither. case, 
however, was the reaction elicited by taps so complete as in the intact 
animal—that is, the legs were not so closely drawn up to the body—and 
it was less complete in Amaurobius sp. than in Epeira sp. A remark- 
able reaction was obtained as the effect of pricking the under surface of 


_ the thorax with a fine needle in the decapitated Amaurobius. 


_ ‘If the under surface of the thorax was pricked at. a point 


_ between one pair of legs—this pair only was flexed, with a rhythm slow 


and feeble at first, then rapidly increasing in strength and rapidity of 
rhythm until it finished with an extremely rapid quivering motion—the 
legs being now closely pressed against the body, in this position they 
came to rest—the whole operation taking from four to six seconds. 
This reaction could be elicited from each pair of legs in succession by 
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pricking the under surface of the thorax—but in no case were any of 
the other legs affected—the stimulus appeared not to be conducted in 
longitudinal direction, but only laterally. This reaction could be elicited 
from each pair of legs two or three times, although it rapidly became 
feebler, and finished sooner, with the legs less completely flexed each 
time. Curiously enough I could not obtain this reaction when the 
thorax had been divided transversely so that each part carried two pairs 
of legs. That this was not due to fatigue owing to previous stimulation 
of the same sort is shown by the fact that I tried unsuccessfully to 
obtain the reaction from the divided thorax of fresh specimens — 
had not been experimented upon in any way. 
As in Epeira sp. cutting off the abdomen only stimulated the 
cephalo-thoracic part to greater activity—although it could easily be 
thrown into “sham-death” by applying a tap. The rhythmic character 
of the “sham-death” reaction in decapitated specimens of Epeira sp. and 
Amaurobtus sp. is interesting as showing that in this respect at least 
the thoracic ganglia of the spider play an analogous part to the ganglia 
of the spinal cord in vertebrates. Thus Sherrington states that “the 
reflex spinal movement, if prolonged, tends always, in my experience, — 
to be of an alternating character, offering in this respect a striking 
difference from a movement of similar duration evoked from the cortex. 
A movement from the initial posture of rest to another posture is obtained; 
this is the primary movement, and with it the reflex reaction, if of short 
duration, may come to an end. But with prolongation of the reflex 
_ action the posture first assumed is not maintained. A second movement, 
opposed in sense to the former, sets in. And this alternation of postures 
may be repeated a number of times'.” Whether this may be taken as 
showing that the “sham-death” reflex normally takes place through the 
agency of the head-ganglia and that the function is only taken up by the 
thoracic ganglia when the head-ganglia are severed from their con- 
nection with the muscles involved,—as would appear probable when the 
greater reaction-time of the reflex in decapitated specimens of Epeira sp. 
is taken into consideration,—or whether the rhythmical nature of the 
reaction after decapitation is a “shock-effect” must be left an open 
question. 
The “sham-death in Celenia excavata. The “sham-death” in 
Calzenia excavata is not really comparable to the “ sham-death ” reactions 
in Epeira sp. and Amaurobius sp. In these latter species the “sham- 


1 Schiifer’s Text-Book of Physiology, u., p. 880. 
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death” is a temporary posture assumed in response to definite stimuli, — 
But in Celwnia excavata the “sham-death” is its normal posture. 
Whether this posture is assumed to deceive its prey or to escape from 
its enemies is, perhaps, doubtful—but it certainly cannot be said to be 
assumed as a means of escape in a sudden emergency—which is 
probably the use of the reaction in the species hitherto considered. 
This being the case, it is not surprising that the reactions of a decapi- 
tated Celsnia excavata are in marked contrast to those of a — 
Epeira sp. or Amaurobius sp. 

In the intact Celenia excavata the “sham-death” esisianie is 
maintained with remarkable constancy—shaking and tapping whether 
gentle or rough elicit no sign of life. Specimens may be-turned over 
and over, jerked up and down, and thrown down with considerable force 
without producing any visible effect, Apparently the only way of 
inducing it to move without injuring it is to gently push a specimen 
sideways along the rough surface—when, if carefully watched, it will be 
seen to put out a leg on the side on which the push is applied—appa- 
rently in the attempt to stop its motion or perhaps to steady itself. 

During the operation of cutting off the abdomen of Celzenia excavata 
the legs were extended and the spider attempted to pull itself away, 
but only for a very short time—when the abdomen was cut off it — 
relapsed into the “sham-death” again. Qn decapitation the legs were 
partly relaxed, so that they were now only half flexed—but taps, 
whether applied to the upper or lower surface, and pricks applied to the 
lower surface, all failed to elicit any response other than a slight 
flickering motion of the legs in response to each stimulus. This 

_ flickering motion was very feeble and of short duration—while at the 
end of the motion the legs were in the same position as before. 
Precisely the same results were obtained when the thorax was divided 
transversely so that each part carried two pairs of legs. 

The experiments on Amaurobius sp. and Celenia excavata were 
carried out at the end of summer (April). 


CONCLUSIONS. 


(1) To produce the “sham-death” reflex in the active species, 
namely Epeira (producta?) and Amaurobius sp., the stimulus must be 
sharp and sudden—such as would be applied naturally by a fall or 
-@ severe and sudden shaking of the web. Whereas in the sluggish 
species, namely Celznia excavata, the “sham-death ” — is con- 
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tinuous, and therefore practically independent of the nature of the 
stimulus. 

(2) The “sham-death” reflex is carried out without the aid of the 
abdominal nerves, and in the active species can be performed in an 
altered manner by the thoracic ganglia alone, or even by the ganglia of 
the two posterior or two anterior segments of the thorax alone. Where- 

as in the sluggish species the “sham-death” posture cannot be induced 

without the head-ganglia. 
_ (8) With the nervous system intact the “‘sham-death” isa complete 
tetanus; with the supra- and sub-cesophageal ganglia removed the 
reaction is still carried out in the active species, but it is now weaker, 
has a longer latent period (in Epeira sp. at least, and probably in 
Amaurobius sp.) and it is a rhythmically interrupted tetanus. 

(4) In the active species of spiders, in which the “sham-death” 
posture is probably a means of escape in emergency, even if they be 
regarded as possessing “ conscious volition ” at all, unless we suppose that 
this is an attribute of each of the thoracic ganglia, this reaction cannot 
be due to their eonscious volition. That is to say,—purposeful as it may 
seem as a means of protection from their enemies,—this reaction is a 
necessary consequence of the structure of their nervous system and the 
functional activities of the nervous elements, independently of any mental 
— connected with the cerebral nervous masses, 
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ON AUTOGENETIC REGENERATION IN THE NERVES 
OF THE LIMBS. By J. N. LANGLEY, ScD., F.RS., anp 
K. ANDERSON, MD. 


(From the Physvological Cambridge.) 


In recent years there has been a revival of the view, never abandoned 


by many surgeons, that nerve fibres though separated from the central 
nervous system can more or less completely re-form axis cylinder and 
medullary sheath. 

This view has been supported on experimental grounds by Ballance 
and Purves Stewart® and by Bethe™™, The varied experiments of 
the latter have especially excited attention. 

- To the experiments of previous observers we shall return after 
giving our own results. We deal chiefly with two questions relating to 
nerve fibres which are permanently cut off from connection with the 
spinal cord and the spinal ganglia, (1) whether they re-form medullated 


nerve fibres, (2) whether they acquire a motor action in skeletal 
muscle, 


Our experiments have been made upon young cats and rabbits. In 
the operation of cutting the nerves, ether was used as an anesthetic, in 
the final experiment the A.c.E. mixture. 

We will first give a brief account of some of our earlier experiments 


which serve to bring out certain precautions which are essential. 


In one of our first experiments we obtained results which seemed to 
be in favour of the autogenetic theory. This was on a kitten 9 days 
old (Exp. 1)". The sciatic was cut in the upper part of the thigh, the 
end was turned back and sewn to the deep surface of the skin a little 

above the knee, 119 days later, stimulation of the internal popliteal 
nerve caused contraction of the gastrocnemius muscle, and stimulation 
of the external popliteal nerve caused contraction of the extensor group 
of muscles of the foot; neither nerve, nor the peripheral end of the 


| ? The experiments are dumbered for convenience of reference. 
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sciatic where it joined the skin caused a reflex body movement. No 
nerve strands were found running from the central to the peripheral end 
of the sciatic nerve. The peripheral end spread out fan-wise into the 
subcutaneous and adjoining tissue ; stimulation of this caused the same 
contraction as that produced by the popliteal nerves but the contraction 
was weaker. It was attempted to follow fibres from the peripheral 
neurome into the central end of some nerve, but without success. The 
sciatic was cut above the central neurome and the end close to the 
neurome stimulated, but without result. Injection of curari paralysed 


the popliteal nerves. Both popliteal nerves and the peripheral neurome — 


contained a considerable number of medullated nerve fibres. 
The absence of reflex movement on stimulating the peripheral 
nerves was suggestive of an absence of connection with the central 


nervous system, it was fairly certain also that fibres from the central end | 


of the cut nerve had not re-united with those of the peripheral end, but 
the histological appearances near the peripheral neurome were in favour 
of some nerve fibres having grown into the nerve from the surrounding 
tissue. These fibres presumably arose partly from the nerves to the ham- 
string muscles (necessarily injured to some extent in the operation on 
the sciatic) and partly from cutaneous nerves, but it is noticeable that 
their action was efferent and not afferent. 

In the following experiment the central end of the sciatic some 
distance above the point of section was stimulated before the peripheral 
nerves were exposed. In a rabbit a few days old (Exp. 2) the sciatic 
nerve was cut in the upper part of the thigh, the peripheral end turned 
down and sewn into the skin a little above the knee. After 252 days, 
the central end of the sciatic was exposed, it was tied and cut at the 
great trochanter and the lower end stimulated. It caused no visible 
contraction in the gastrocnemius or peroneal group of muscles, In 
order to be certain of this, the muscles themselves were exposed and 
examined separately; it was then seen that stimulation of the sciatic 


caused a slight twitch in the m. ext. longus digitorum, and a trifling — 
flickering contraction in the upper part of the m. peroneus longus. The 


peripheral nerves were then exposed. The same contraction was obtained 
from the peripheral sciatic above the external popliteal nerve and from 
the external popliteal nerve itself, and no other effect was obtained. 

The gastrocnemius and peroneal muscles did not respond to direct stimulation, the 
soleus (a red muscle) and the hamstring muscles did. The post. tibial nerve stimulated 


below the gastrocnemius had no effect direct or reflex, but stimulating the skin near it 
caused @ quick reflex, no doubt by way of the internal saphenous nerve. 


No connection. was found between the central stump of the sciatic and the peripheral 
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; end and from the relative positions of the two it seemed unlikely that any fibres could 


have grown from the former to the latter. The peripheral part of the nerve near its cut end 
passed through the hamstring muscles, which were. matted round it, and spread out fan- 
wise into thickened subcutaneous tissue; the nerve strands thus spreading out consisted 


- ghiefly of fibres without myelin, but contained some medallated fibres. In one strand 10 


medallated fibres of 4 to 5u in diameter were present, in another about 6, in another 8, in 
another 10 to 12. None were more than 5p in diameter. 7 
“In the peripheral sciatic itself there were more medullated fibres (2 to 4y in diameter), 
but very few compared with the hundreds of fibres without myelin. The numbers were 


External saphenous nerve 16 
External popliteal _,, 
Branch to int. head of gastrocnemius 6 


, The trunk which gave off the remaining branches contained 30 medullated fibres ; a few 
only of these passed out into the branches, the branch to the external head of the gastro- 
enemius contained 4 near its origin, and 0 peripherally, a branch of the posterior interosseus 


‘nerve contained 3; the posterior tibial and all the other branches had no medullated fibres. 


- This experiment illustrates the care which is required in determining 
whether the peripheral end has or has not become connected with the 
central nervous system ; we should have taken such connection to be 


absent if we had confined our attention to movement of the limb, and 


had not carefully examined the muscles themselves. It will be noticed 
that the majority of the nerve branches contained no medullated nerve 
fibres; the few that were present in some branches may reasonably be 
referred to union with the nerve fibres of the muscle and skin adjoining 
the peripheral end of the nerve. And: no movement was produced by 
the peripheral end of the nerve except the trifling one caused also by 
the central end. : 

We give another of these preliminary experiments, one in which 
the union of a muscle branch with the peripheral end of the nerve was 
definitely proved. In a rabbit 4 days old (Exp. 3) the right sciatic was 
cut at the sacro-sciatic foramen, and the piece in the upper part of the 
thigh removed. After 103 days, the central end of the sciatic was 
exposed, cut, and the lower end stimulated, it had no effect on the 
muscles below the knee, The peripheral end of the sciatic caused con- 
traction in the upper part of the inner head of the gastrocnemius muscle. 
The electrodes were then placed on the tissue all round the peripheral 
neurome, one spot was found on an adjoining muscle which caused the 
same contraction. On following this: up it was found that the nerve 
which supplies the quadriceps femoris group muscles also caused the con- 
traction. This nerve separates from the sciatic above the sacro-sciatic 
notch, but issues from the notch with it. Part of the nerve and part of 
the musele it supplied had been cut through in the original operation, 


4 
2 
wy 
is 
| 
ine 
mite 
BT} 
‘ 


AUTOGENETIC REGENERATION OF NERVES. 421 


and the fibres from the nerve had united with the peripheral end of the 

In this experiment in addition to the exeision of a piece of the sciatic nerve a piece of 
the posterior tibial nerve was excised at the ankle. The results of the microscopic exami- 
nation were as follows :—The ‘peripheral sciatic in its upper part contained several hundred 
medullated fibres; the total number in the branches of the nerve was much less. The 
posterior tibial nerve centrally of the point of excision contained only a few medullated 
fibres’; the strand which occupied the position of the excised portion of the nerve contained 
nucleated fibres without medulla; the post. tibial contained a few medullated fibres only, 
but there were rather more below the place of excision than above it, possibly however 
these may have grown into it from the surrounding tissue. | 

‘The peripheral sciatic was at least twice as thick as at the time of operation, so that its 
connective tissue portion had grown approximately in the normal manner. | 

These and other experiments convinced us that the method we were 
that of nearly all previous observers—was an 
‘unsatisfactory one, and that some modification was necessary in order 
to obtain decisive results. Since at this time we had several animals 
in which portions of the nerves had been removed, we resolved in these 
to recut the: central end of the nerve already cut, and to cut at the same 
time any other nerve which might possibly have established a connec- 
tion with the peripheral end of the nerve to be examined. The second 
operation would cause degeneration of those fibres in the peripheral — 
nerve which had established a central connection, and would leave 
unaffected any fibres which had regenerated autogenetically and not 
made a central connection. 

But our difficulties were not over, for after excision of a portion of 
the crural nerve, we found that subsequent section of the crural nerve 
above the central neurome, of the ‘sciatic, small sciatic, pudic and | 
obturator nerves was insufficient to prevent reunion of the peripheral 
crural with the central nervous system (cp, Exp, 4). 

' Exp. 4, Kitten, about 8 weeks old. Crural nerve cut close to Poupart’s ligament, the 
peripheral end turned back, the internal saphenous nerve cut about 2 cm. from its separa- 
tion from the crural, the muscular branches cut at their entry into the senseles, and the 
of nerve between the cuts removed. 

737 days later, The central neurome on the crural nerve was excised, the great sciatic, 
the small sciatic, the pudic and the obturator nerves were cut. 

days later. Stimulation of the muscular branches of the 
contraction and no reflex movement. Stimulation of the internal:saphenous nerve close 
to the peripheral neurome caused slight flexion and adduction of the thigh; a branch 
arising from the internal saphenous nerve at the neurome gave the same effect; the 
branches given off near the knee had no effect; the internal saphenous nerve itself just 
above the knee gave a weak contraction in part of the ilio-psoas muscle. A small nerve 


was found running from the skin of the abdomen (apparently a branch of the genito-crural 
nerve) to the internal saphenous nerve; stimulation of this had the same effect as stimu- 
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lation of the internal saphenous nerve, but the contraction was stronger, and after section 
of it the internal saphenous nerve was without effect. 

Histological examination. The cut muscular branches were smaller than on the 
opposite side, and consisted largely of connective tissue. Only one of the muscular 
branches contained sound medullated fibrés, in this there were six. In one branch there 
were a few recently degenerated medullated fibres, The ‘non-medullated’ fibres were 
thin, nucleated, and without any obvious protoplasmic core. 

The internal saphenous nerve was larger than on the opposite side, but consisted 
chiefly of connective tissue. It contained some sound medullated fibres, and two or three 


were present in the nerve at the level of the knee. | 


In this experiment a few sound medullated fibres were present in 
the internal saphenous n., and six in one of the muscular branches of the 
crural n. Since the internal saphenous n. was shown to have become 
connected with a cutaneous nerve running to the thigh from the 


‘ abdomen it is practically certain that these medullated fibres were formed 
in consequence of union with centrally connected nerve fibres. The 


muscular branches of the crural n. had no motor effect; most of the 
branches of this nerve and some of the branches of the internal 
saphenous n. contained no medullated fibres. It is then practically 
certain that no autogenetically regenerated fibres were present in the 
nerves at the time of examination. es ee 

In the experiments given below, no complication occurred and the 
results were consistent. | | 


Expr. 5. Rabbit, a few days old. The right sciatic nerve was cut high up in thigh, 
turned down and sewn into the skin above the knee. A small piece of the posterior tibial 
nerve was removed at the ankle. | 

251 days later the sciatic nerve was cut centrally of the first point of section; and the 
crural nerve was cut near Poupart’s ligament. : 

12 days after the second operation the condition of the nerves was examined. 

Stimulation of the peripheral end of the sciatic nerve had no effect. 

The peripheral part of the sciatic and its branches contained no sound medullated 
fibres; it contained many recently degenerated fibres, and numerous non-medullated 

Exp. 6. Kitten, about 6 weeks old. The right sciatic nerve was cut about the middle 
of the thigh, the peripheral end was tied, isolated for about a centimetre, and the end 
taken out to the skin surface so that it slightly projected when the skin wound was 
sewn up. 

After 198 the sciatic nerve and the iati i 

8 days later the state of the nerves was examined, : 

Stimulation of the sciatic between the first and second poi 
either reflexly or on the muscles of the limb. There was epee 
sciatic below the first cut, nor on stimulating the internal and external peroneal nerves. 

The peripheral sciatic and its branches did not contain a single sound medullated fibre, 
but there were many medullated fibres in an early stage of degeneration. 
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In both of these experiments the second operation caused degenera- 

tion of every one of the medullated fibres in the sciatic and in the 
branches of the sciatic below the first section; and stimulation of the 
sciatic and its branches had no motor effect. 
_. In Exp. 7, instead of cutting the nerves near the vertebral saint 
in the second operation, the central neurome was excised and the tissue 
about $a centimetre from the peripheral neurome was cut through, so 
that all the nerve fibres running to the neurome were severed. Here 
again the severance of the possible central connections of the peripheral 
nerves caused complete degeneration of the medullated fibres in it, 
and abolished the motor power which the nerves had acquired. 


Exp. 7. Kitten, half-grown. A centimetre of the left sciatic was removed from the — 
middle of the thigh. The internal and external popliteal nerves were cut and the peripheral 
ends sewn together. : 

205 days later the central end of the sciatic was exposed a little above its neurome ; on 
stimulation it caused contraction of the gastrocnemius and of some of the muscles of the 
foot, separation of the toes, and protrusion of the claws. The neurome was excised. ; 
' Stimulation of the popliteal nerves also caused contraction. The tissue near the 
junction of the two nerves (at about 5 mm. from it) was cut through. 

42 days after the 2nd operation the nerves were exposed. Stimulation of the internal 
and external popliteal nerves had no effect either on the muscles of the leg and foot or 
reflexly. 

' (A little 1 p.e. pilocarpin was injected under the skin of the pads of the hind feet. 
It caused secretion of sweat on the left side though much less than that on the right side.) 

The popliteal nerves contained no sound 

rather advanced stage of degeneration. 


In Exp. 8 the sensory internal saphenous n.' was taken. The 
chance of reunion with branches from other nerves was minimised 
partly by cutting the skin in the middle of the thigh and pulling this 
upwards, and partly by excising a long piece of the nerve (3 to 34 cm.). 
119 days later, another piece was cut out and examined microscopically ; 
it did not contain a single medullated fibre. 623 days after this, the 
sciatic and crural nerves were cut, and 7 days later the nerve was 
examined. Not one sound medullated fibre was — there were 
_ two recently degenerated fibres. 

Exp. 8. Kitten, half-grown. On the left side 34 om. of the internal saphenous nerve 
was excised. 

119 days later. The internal saphenous nerve was stimulated, it had no reflex effect. 
About 14 om. of the peripheral end was removed for microscopic examination. 


The piece of nerve cut out contained no medullated fibres, it consisted of thin fibres 
with slightly granular contents staining slightly with methylene blue, the nuclei of the 


1 The internal saphenous n. contains post-ganglionic ——— 
fibres for striated muscle, 


é 
4 


424 J. LANGLEY AND K. ANDERSON. 


fibres. were often.close together, but they varied much in number. These fibrea were 
surrounded by numerous very fine connective tissue fibrils. 

628 daye after the previous operation the lft seiatio nervo was cot near the seerum and 
the crural n. near Poupart’s ligament. 


internal saphenous n. contained no sound medaullated fibres, two recently 
diane The fibres were about 1 in diameter and had elongated nuclei at intervals. 
The fresh fibres teased out, treated with toluiden blue and mounted in water, showed as 


unstained threads with a tendency to fray out into fine fibrils; the nuclei stained deeply. 


SUMMARY OF Resuurs AND REMARKS. 


The peripheral end of a cut nerve when sewn into the skin or left 
lying amongst muscles may make connection with the ‘central nervous 
system by means of the nerves of the surrounding cut tissues although 
it makes no connection with its own central end) The possi- 
bility of this has long been recognized, but its importance in the 
question of autogenetic regeneration has often been overlooked. 
It was insisted on by Vulpian™. in connection with his experiments 
on the hypoglossal nerve, and was the determining factor in finally 
leading him to deny autogenetic regeneration’. Attention has recently 
been again drawn, to the fact by Miinzer™ and by ourselves™. 
Miinzer™ showed that the peripheral end of a nerve left in contact 
with muscle became firmly adherent to the muscle, and that nerve ean 
passed from the muscle to the nerve. 

We find that all the medullated nerve fibres, which re-form in the 
peripheral end of a nerve, degenerate when the nerves which run to the 
tissues near the cut end are cut near the spinal cord ; in other words, in 
our experiments all the medullated fibres in the peripheral ends of the 
cut nerves were fibres which had become connected with the central 
nervous system. If, then, autogenetic regeneration of the fibres had 
occurred, every one of them had become connected with the central end 
of some nerve fibre. On the autogenetic theory this seems to us in the 
highest degree unlikely. Moreover, in the cases in which the number 
of medullated fibres in the peripheral end was small, the connection with 
the central nervous system was slight, thus in Exp. 2 the number of 
medullated fibres in the external popliteal nerve—a nerve which contains 
several hundred nerve fibres—was 25; and in the internal saphenous nerve 


1 ‘We regret thai we only became acquainted with Vulpian’s account whilst correcting 
the proofs of the present. Paper. Our experiments 5 to 8 on the nerves to the limbs are 
on the same general lines as those of Vulpian on the hypoglossal nerve. 
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of Exp. 8there were only two, Lastly in some cases no medullated fibres 
were formed at all. We conclude then that in our experiments there 
was no autogenetic regeneration. Bethe has himself pointed out that 
the number of medullated fibres which are formed in the peripheral end 
of a cut nerve varies widely, and that there may be none. The fact is 
easily explained by the naturally occurring variable connection with the 
central nervous system, and it seems to us not to be explained at all by 
the autogenetic theory. We must mention however that we have not 
yet satisfactorily accounted for the formation of medullated fibres which 
occurs in post-ganglionic nerves after excision of the ganglia from 
which they arise. This point we are still investigating. 

_. The question of the formation of medullated fibres in nerves without 
central connection has recently been investigated by Head and Ham“ 
and by Mott, Halliburton and Edmunds”, The former excised 
a considerable length of the radial nerve in cats, and found that at no 
time up to 249 days were medullated fibres formed in the peripheral 
end. The latter also experimented on cats; the sciatic was cut high in 
the thigh and a little above the knee; the intervening portion (10 to 
124 cm, long) was pulled out. They found that stimulation of the 
peripheral end after 100 to 150 days had no effect, and that no 
medullated fibres were present in it. The frequent occurrence of 
medullated fibres in the peripheral nerves in our cases was no doubt in 
part due to our operating on young animals; in a six weeks’ old kitten 
the length of the sciatic from the great trochanter to the point of 
separation of the external and internal popliteal nerves from one 
_ another is about 4cm. Bethe, it may be noticed, does not claim that 
fibres regenerate to the stage of having a myelin sheath in adult animals, 
but only in young ones. It is impossible to avoid a suspicion that the 
difference depends not upon the age of the animal but upon the ease of 
reunion with the central nerves; in fact those who support autogenetic 
regeneration on the basis of surgical cases make no limitation as to the 
age of the patient. 

v. Bingner®, v. .Notthaft®, Stroebel Wieting®, who 
have studied the histological processes in regeneration all agree that the 
formation of new fibres takes place more rapidly near the neurome than 
near the periphery. ' In one or two of our cases we examined the whole 
length-of the nerve and found that the number of medullated fibres 
decreased towards the periphery. Thus in Exp. 2 there were 30 
medullated fibres in the internal popliteal nerve (below the branch to 
the internal head of the gastrocnemius), whilst there were only 7 in 
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the branches given off from this, and more peripherally there were 
_ The absence of distinct medullated fibres in the tissue between the 
two ends of a united nerve was early noticed by Bruch and by Schiff, 
but their methods probably did not allow of detection of fibres having 
only a thin myelin sheath. In each of our sciatic experiments the 
number of medullated fibres in the tissue around the peripheral cut 
end of the nerve was less than in the nerve itself, that is to say the 
union of central and peripheral ends was made in part by non- 
medullated fibres. It is therefore possible that at a certain stage of 
reunion, there might be no medullated fibres in the connecting strands 
although they are present in the peripheral nerve (cp. Exp. 3 supra). 
There is then some evidence that the cut peripheral end of the nerve 
exercises a considerable influence in the formation of myelin. 

_ We find, as Howell and Huber” and other observers have found, 
that during the period of absorption of degeneration products, hyaline 
fibres with frequent nuclei are formed (embryonic fibres, Bandfasern); in 
the fresh state these stain slightly with methylene blue and there is some 
appearance of their consisting of a staining. core and of a non-staining 
sheath ; as time passes they gradually dwindle and the staining in the 
fresh state with methylene blue is no longer obtained: they remain 
however for two years and probably for much longer. 

Weare unable to confirm Bethe’s statement that, in young sites 
the peripheral end of a nerve separated from the central nervous system 
may acquire a motor function’. In our experiments when the peripheral 
end had acquired a motor function, there was more or less conclusive 
evidence of reunion with centrally connected nerve fibres, In the 
cases in which the nerve was cut a second time, and in which other 


_ nerves which might have made connection with the peripheral end were 


also cut, the peripheral end examined some days later had no motor 
effect. And it is to be noted that although medullated fibres re-form 
in post-ganglionic strands after excision of their ganglia, they do not on 
stimulation cause any motor effect in the tissues. 


If the results obtained in our experiments are of general spilianiton 
it follows that some facts must have been wrongly interpreted by those 


who support the autogenetic theory, We may briefly point out what 
thnee appear to us to be, so far as we can judge of them. 


1 Cp. also Langley and Anderson. This Journal, xxx. p, 370, Exp. 1. 1894, 
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In the surgical observations of Kennedy, Ballance and Purves 
Stewart, Bowlby, Henriksen and others and in the experiments on 
animals of Ballance and Purves Stewart there is not we think any 
satisfactory evidence that the peripheral end of the nerve had not 
united with nerve fibres from the central end of some other nerve. The 
absence of skin sensation in the region supplied by the nerve is clearly 
inadequate proof. For the medullated fibres might be present in the 
nerve without the formation of sensory nerve endings. Nor can the 
absence of voluntary movement be regarded as conclusive though it is 
a suggestive fact. 

The first impression produced by the numerous 
of Bethe is undoubtedly that they afford strong evidence for his point. 
of view. And v. Gehuchten™ has recently stated that he can confirm 
Bethe’s results. But the essential point is, whether the absence of 
central connection is adequately shown. The evidence is mainly the 
absence of direct effect on stimulating the central end of the cut nerve, 
and the absence of reflex effect on stimulating the peripheral end of 
the cut nerve. The former we think is insufficient since the connection 
may have been made by some other nerve. And we doubt also whether 
the latter can be relied on for the following reasons: (a) In one or two 
of our experiments in which a central connection had certainly been 
established, stimulation of the peripheral end caused no reflex effect. 
- It is true that our animals were anesthetized; but we readily obtained 
reflex movements on stimulating the central end of any of the nerves to 
the limb. (6) It is possible that at a certain stage of union the 
conductivity of ‘the junctional portion is too small to give a reflex effect 
in the conditions of the experiment. Ina certain number of Bethe’s 
experiments a reflex was in fact obtained. These he rejects as unsuccess- 
ful but they may simply have been those in which the conductivity of the 
junctional portion was rather greater than in the rest. (c) In many of — 
Bethe’s experiments the cut end of the peripheral nerve was imbedded 
in muscle, or close to cut muscle. If the nerves supplying the muscles 
joined the peripheral end of the nerve, it might well happen that the 
motor effect would be obtained from the peripheral end before a reflex 
We are far from putting forward these remarks as an adequate 
consideration of Bethe’s experiments. We have no desire to dogmatise 
on the subject. But we think that our experiments, so far as — go, 
are decidedly against the autogenetic theory. ea 
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THE ACTION OF PITUITARY EXTRACTS ON THE 
HEART AND CIRCULATION OF THE FROG. By 
PERCY T. HERRING, MD, F.RCPE. (Seven Figures in 
the Text.) 

(From the Physiological Laboratory, University of Edinburgh.) 


THis paper deals with the action of pituitary extracts on the heart 
and blood vessels of the frog. 


ACTION ON THE FROG’S HEART. 
The action of pituitary extracts on the mammalian heart has been 


investigated by Oliver and Schifer™, Szymonowicz®, Howell”, 


Cyon™, Biedl and Reiner™®, and by Schafer and Swale Vincent”. 
The general result of these investigations may be summed up as 
follows :—The extract causes (1) an augmentation of the heart-beat, the 
cardiac contractions becoming more powerful and complete. (2) A 
slowing of the heart-beat; it is not agreed that this is always seen, but 
it is often a marked phenomenon. Schifer and Swale Vincent 
allege that it disappears when the heart is under the influence of 
atropin, while Howell and Cyon found it to persist after atropin and 
after section of the vagi. Cyon’s contention that extracts stimulate 
the pituitary and so bring about a reflex action on the heart through the 
vagus centres was not confirmed by Bied! and Reiner’s experiments, 
and was considered by Schafer and Swale Vincent to be a very 
unlikely hypothesis, The fact that the action is sometimes seen after 
section of the vagi points to its being a direct action on the cardiac 


muscle or its intrinsic nervous apparatus, and this is supported by oe 


Cleghorn’s® experiments on isolated portions of the heart. 


Perfusion of the isolated frog-ventricle (Rana temporaria). 
The instrument used in my experiments was Schafer’s heart 


plethysmograph, with the substitution in the glass chamber of normal 
perfusing fluid for oil as recommended by Elliot and Burnett. No 
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difficulty was met with in getting the heart to beat spontaneously and 
regularly for a long period. The normal fluid used was at first Rusch’s 

modification of Ringer’s fluid mixed with two parts of filtered 
defibrinated ox blood, but the admixture of blood was found unnecessary 
and Rusch’s fluid was subsequently used alone. The normal finid and 
the extract of pituitary were put in separate Marriotte bottles with fine 
tubes leading to a Y-shaped cannula placed as near as possible to the 
heart cannula. The pressure used was variable for different hearts, but 
always the same for normal fluid and extract. A by-pass at the cardiac 
end of each tube enabled one to run out the fluid when necessary to 
keep it sufficiently aérated and prevent stagnation in the closed tube 
while fluid was running through the other. In this way alarge number 
of hearts were perfused, first with normal fluid, then with — 
extract; the results were found to be very constant. 

The material was obtained from the infundibular part of the ox 
pituitary. This was separated from the glandular portion, finely minced 
and dried, then powdered in a mortar. Extracts were made from the 
dried material by boiling a weighed amount in a measured amount of 
the normal fluid filtering and making up to the same volume with 
distilled water ; the percentages therefore of the extracts are percentages 
of the dried glands. 

A definite action on the heart was obtained with a 1 °/, extract; this 
was more marked with a 2°/, solution, anda 4°/, extract, the strongest 
used, gave very striking results. The general effect of pituitary extract 
is to immediately quicken the rhythm of the ventricular contraction, 


Fig. 1. Effect of a 2 °/, pituitary extract on the beat of the isolated frog-ventricle. 
Time marked every 10 seconds. 

, Fig. 2. A 2°), pituitary extract causing acceleration followed by slowing of*~ 
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while at the same time the beats are strengthened. This is shown i in 
Fig. 1, where a 2°/, extract was used. 

If the perfusion of even a 2°/, extract be continued for some time 
there is a tendency for the systole to overlap the diastole of the ventricle, 
so that the beats get smuller and the heart is not completely relaxed 
after each contraction (Fig. 1). After again perfusing with normal fluid 


the contractions resume the character they had before the action of 


pituitary, but some acceleration lasts for a time afterwards, depending 
on the strength of the extract and the length of time it was allowed 
to act. 

In a few cases where the heart was beating strongly and regularly 
while the normal fluid was passing through it the perfusion of pituitary 
extract produced a temporary acceleration, which was followed by a 
slowing and stoppage, or beats occurring only at long intervals apart 


(Fig. 2); the ordinary rhythm was resumed on — perfusing _ 
normal fluid. 


This slowing of the heart-beat is abolished by the use of atropin, but 
was only seen in comparatively few hearts. 

When the ventricle is beating irregularly as sometimes happens, 
especially at the beginning of an experiment, or when the contractions 


occur in the form of Luciani groups, the perfusion of pituitary extract 


| | | | 
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Fig. 8. Action of extract of pituitary on an irregularly 
isolated frog-ventricle. 


Fig. 4. ‘Action of 2"), extract of pituitary on fesbly beating ieolated frog-ventricle. 


accelerates the beats and gives them a regular rhythm (Fig. 3). In this 
respect pituitary extract closely resembles extract of the suprarenal 
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body, which, as shown by Oliver and Schafer i) possesses this power to 
a marked extent. 

The perfusion of pituitary extract will also slightly strengthen the 
contractions of a feeble heart, but its effects are not long maintained if 
the heart is exhausted. If the heart is fresh and merely beating feebly 
under the influence of the normal fluid, then the perfusion of pituitary 
extract has an immediate effect in accelerating and strengthening the 
contractions (Fig. 4). 


Fig. 5. Action of 4 °/, extract of pituitary on the isolated frog-ventricle, showing 
_ tendency to fusion of heart-beats owing to imperfect relaxation during diastole. 


When a stronger extract (4°/,) is employed the character of the 
ventricular contraction is rapidly altered (Fig. 5). The immediate effect, 
as with weaker solutions, is an increase in rapidity and strength of the 
contraction, the diastole becomes less and less complete, and a pause 
begins to appear at the end of systole, which becomes very evident. 
The beats consequently get smaller through the continued contraction 
of the ventricle. If perfusion of the 4°/, extract is continued the heart 
remains more or less contracted, and the beats feeble, but sometimes 
irregularity supervenes and the ventricle drops a beat from time to time. 
Recovery is gradual after normal fluid is allowed to run through the 
heart, and the diastolic pause comes into evidence again. | 

After perfusion of the heart with normal fluid containing atropin the 
action of a 4°/, pituitary extract is almost identically the same. The 
effect can be repeated with the same heart, but the recovery is less 
perfect after a second perfusion. — | 

Control experiments in which extracts of the same strength of dried 
brain substance were employed did not give these results; it would 
seem therefore that extract of the infundibular portion of the pituitary 
body has a specific action on the isolated frog-ventricle very similar 
to that of extract of the suprarénal body. Compared with the action of 
pituitary on the mammalian heart relatively large doses are required to 
produce the effect on the frog-heart; this was stated to be the case by 
Oliverand Schafer™ with suprarenal extracts. | 
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Action of pituitary extract on the heart of the frog in which the 
central nervous system has been destroyed. 


In these experiments the frogs were pithed so as to destroy brain and 
spinal cord. A cannula was tied into the abdominal vein, the heart 
exposed, and the apex of the ventricle attached by a fine hook and 
thread to a lever which recorded the contractions. By cutting the 
pericardial ligament and allowing the weight of the lever to gently 
suspend the heart vertically tracings of both auricular and ventricular 
contractions were obtained. Very small doses -of 2°/, pituitary extract 


27 


Fig. 6. Action on the frog’s heart of *25 c.c. of a 2°/, extract of 
pituitary injected intravenously. 
Fig. 7. Action on the same frog’s heart of +25 c.c. of a 2 °/, extract of pituitary 
injected intravenously after the use of atropin. 


were employed; ‘1 cc. of this produced an effect. Immediately after the 
injection, which had to be carefully and slowly performed to prevent 
distension of the heart, the heart-beats became feebler and somewhat 
slower, both auricle and ventricle were affected. Recovery took place 
rapidly, the stronger beating of the auricle being especially noticeable 
(Fig. 6). . The injection could be se ety several times in the same frog 
‘with the same results. 

After the injection of ‘5 c.c. fluid containing 45 grain of 
atropin, injection of pituitary extract had quite a different effect. In 
the same frog the heart was beating more powerfully and injection of 
25 cc. of a 2°/, pituitary extract caused instead of diminution of the 
extent of the heart-beat an increase both in strength and rapidity, which 
lasted for some time (Fig.7). Atropin therefore prevents the inhibitory 
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effects on the heart of the frog of pituitary, as Schifer and Swale 
Vincent found it to do in the case of the mammalian heart. 

These experiments appear to show that the infundibular part of the 
pituitary body contains a substance which causes slowing of the heart 
by acting directly on the ganglion cells belonging to the inhibitory 
fibres of the vagus. In the isolated frog-ventricle Remak’s ganglia are 
excluded, as the ligature passes round the auricles between the ventricle 
and the sino-auricular junction, consequently the inhibitory effect is not — 
obtained by the perfusion of pituitary, and the use of atropin produces — 
no effect on the contraction. 

But in addition to this action on the inhibitory ganglia of the heart 
pituitary has a distinct stimulating action either on the accelerator 
nervous apparatus or on the cardiac muscle fibres themselves, In the 
isolated frog-ventricle both accelerated rhythm and increased strength 
of contraction were obtained by the perfusion of pituitary extract, the - 
same effect was got in the non-isolated heart after the use of sufficient 
atropin to paralyse the vagus nerve endings. This clearly points to the 
pituitary extract containing a substance which has a stimulating action 
on the accelerator mechanism of the heart; whether it is identical with 
the active principle which brings about the inhibitory effect or whether 
it is a separate substance is not determined. : 


ACTION ON THE BLOOD VESSELS OF THE FROG. 


It was first shown by Oliver and Schafer” that pituitary extract 
causes a general contraction of the arterioles of the frog. This also 
occurs in mammals, and equally well after section of the spinal cord 
and destruction of the bulb. By perfusion of the blood vessels of the 
frog with central nervous system destroyed they came to the conclusion 
that the action was a peripheral, one on the arterioles. Howell 
confirmed this view, and showed that the substance producing it was 
only found in the infundibular part of the pituitary. | 
| The object of the experiments recorded in this section of the Paper 

was to determine whether the action is one on the muscle fibres of the 
arterioles or on their nerve endings. The method used was that 
employed by Oliver and Schifer. A frog was pithed very carefully 
so as to injure as few blood vessels as possible, the heart was exposed by 
snipping through the ziphisternum, a cannula was tied into the bulbus 
arteriosus, and a cut made into the ventricle so as to allow the free 
escape of fluid’ The frog was then suspended vertically with the legs 
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lightly fastened together. - At first the expedient of counting the drops 
as they fell from the toes was tried, but this method was found to be 
fallacious. 

The method of measurement of the amount of fluid that dropped in 
a given time was afterwards adopted. The normal fluid used for 
perfusion was Rusch’s modification of Ringer's fluid, and the extract 
used was a 1°/, solution of infundibular part of pituitary in the same 
fluid. These two solutions have a different viscosity. Control experi- 
ments were tried in which the two fluids were perfused through a long 
fine capillary tube of glass at the same pressure. With a pressure 
of Rusch’s fluid of 430 mm. 50 drops of the normal fluid made up lL cc. 


and passed through the capillary tube in 24 min. 30 sec. With the 


same pressure of Rusch’s fluid 54 drops of the pituitary extract made 
up 1 cc. and passed through the tube in 22 min. 44 sec.; the pituitary 


extract flowed rather faster than the normal fluid under the same 


pressure, but the difference was not a great one and does not vitiate the 
results obtained from perfusion of the frog’s vessels. 

In order to maintain the same pressure throughout the experiment 
a very large head of normal fluid was used, a tube passed from the 
containing vessel to a simple manometer which indicated the pressure, 
immediately beyond the manometer was a Y-shaped junction with two 
tubes of equal length and bore passing to another Y-shaped junction 
next to the cannula inserted into the bulbus arteriosus of the frog. ' 


One of these tubes was filled with the pituitary extract and the other 


with the normal fluid. By means of spring clips either normal fluid or 
pituitary extract was allowed to pass into the frog's blood vessels at the 
same pressure. 

The vessels were first of all perfused with normal fluid, end-#hen the 
amount passing through was constant a measured quantity was collected 
and the time it had taken to flow was recorded. Pituitary extract was 
then allowed to flow, and the sathe quantity collected and its time. 
noted. The results were found to be very similar in the many frogs 
used. One example is typical of the rest. With a pressure of 130 mm. 
212 drops of the normal fluid made up 10c.c. which took 3 min. 50 sec. 


_ to flow, after turning on the pituitary extract at the same pressure and 


stopping the normal fluid 228 drops made up 10 c.c. and took 14 min. 
to pass through the vessels, The constriction of vessels and consequent 
diminution of flow comes on directly the pituitary extract reaches them, 
and in this case the constriction lasted for half-an-hour after normal 
fluid had been allowed to run again. | 
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Another method was adopted of injecting a.small quantity of extract 
with a hypodermic syringe, the fine needle of which was inserted into — 
the rubber tube close to the cannula, In this way very small doses of 
_ pituitary diluted with the perfusing fluid were introduced into the — 
vessels, The result was a diminution of flow coming on at once, the 
extent and: duration of the diminution increasing with larger doses. 
With small doses the constriction of the vessels only lasted a few 
minutes. There was no subsequent greater dilatation observed. 

_ The next step consisted in the perfusion of the vessels with a 1 °/, 
solution of apocodeine which was shown by Dixon) to paralyse vaso- 
motor nerve endings when given in sufficiently large doses. This drug 
was found by Brodie and Dixon™ to abolish the effect of adrenalin 
on the blood vessels. The apocodeine produced constriction of the 
vessels followed by dilatation. The perfusion of Rusch’s fluid after 
a time gave a constant output, and on the substitution of pituitary 
extract the flow through the vessels remained very nearly the same. In 
some cases there was no difference. Apocodeine abolishes the effect of 
pituitary extract on the blood vessels, it is therefore probable that the 
active substance in the pituitary acts like adrenalin on the vaso-motor 
nerves of the blood vessels. 


CONCLUSIONS. 


1. Extracts of the infundibular portion of the pituitary body cause 
acceleration and augmentation of the isolated frog-ventricle when 
perfused through it. 
2. ‘Strong extracts, eg. 4°/, of the dried material, increase the 

contraction of the ventricle, doing away with the pause after diastole, 
and bringing about a pause at the end of systole. The heart’s volume 
decreases as the cardiac muscle becomes more and more contracted. If 
perfusion of a strong extract is continued for a long time the. beats 
become irregular and weak, while the heart remains tonically contracted. 

3. Injection intravenously into a frog deprived of its central nervous 
system causes_slowing and diminution of the heart-beat. This is 
abolished by atropin, and pituitary extract now bri ngs about acceleration 
and augmentation. 

4, The infundibular portion of the pituitary. notnaie some Ang 
stance or substances which act on the intrinsic inhibitory nervous 
mechanism of the heart and also on the intrinsic accelerator mechanism, 
stimulating both. The action on the former is abolished by atropin. 
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5. The active substance in the pituitary which brings about 
constriction of the peripheral arterioles acts by stimulating the vaso- 
motor nerves, and this action is abolished by a large dose of apocodeine. 
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OSMOTIC PRESSURE OF SOLUTIONS CONTAINING 
NATIVE PROTEIDS. By E. WAYMOUTH REID, Pro- 
fessor of Physiology in University College, Dundee, St Andrews 


FLuIps containing the native proteids as we separate them from 
the mixtures of organic and inorganic material in which they occur in 
nature are said in current language to hold -the albuminous bodies in a 


~_.» state-of “colloidal solution.” In spite, however, of the fundamental 
importance to biology of a precise definition of the physical meaning of 


such an expression, it must be admitted that there is still a marked 


absence of unanimity on'many points amongst those who Hre devoted 


themselves to its elucidation. As the result of work'”with both 
inorganic and organic substances in the colloidal state (though mainly, 
it must be admitted, with the inorganic), the working hypothesis of the 
majority is that we deal with fine suspensions of matter rather than 
with true solutions, and investigation has of late been largely directed 
towards establishing the conditions of equilibrium in such cases. | 
A few words will serve to indicate the main points adduced in 
favour of the above view. 
_ As compared with ordinary solutions a very small expenditure of 
energy is necessary to separate matter in colloidal solution from its 
“solvent,” indicated by the almost negligible effect on the vapour 


pressure and the freezing-point of the pure “solvent” produced by 


incorporation of the colloid in it. This fact is, however, not an 
exclusive peculiarity of these systems, as Konowalow has shown 
that absence of any marked change of vapour pressure with alteration of 
concentration is also a characteristic of several pairs of liquids in the 


_ region of the critical solution temperature (e.g. dichloracetic acid and 


isopentane). | 
The well-known migration of obvious suspensions (including bacteria, 
Bechhold), in an electric field is evident also in colloidal solutions, 


and as Hardy and Perrin have shown in the case of certain proteids and. 


inorganic suspensions (¢.g° chromic chloride) the sign of the charge of 
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the matter in the colloidal state or in suspension may be reversed by a very 
slight alteration of the chemical reaction of the fluid and the addition of 
various salts. | 

Both suspensions and colloidal solutions give a positive result 
with the Tyndall test, scattering polarised light. Konowalow, 
however, has found this to be the case near the critical solution tempera- 
ture of certain pairs of liquids, and maintains that the inevitable dust 
particles which render it so difficult to obtain even pure water 
“optically empty,” acting as nuclei under conditions in which the - 
expenditure of energy necessary for an alteration of concentration is 
extremely small, attract layers of the liquid, and so produce the 
opalescence. The “cloud,” however, in such cases (¢.g. heptane and 
benzylaleohol) does not, according to Friedlander, migrate in an 
electric field (110—3200 volts), and in the case of that in mixtures of 
isobutyric acid and water is accompanied by an increase in the internal — 
friction of the liquid, a phenomenon not seen in the case of a suspension 
of resin in water or in a hydrosol of colloidal silver. 

Precipitation by electrolytes is again a marked feature common to 
suspensions (including bacteria, Bechhold) and colloidal solutions, 
with a relation between the prepotency of the positive or negative ion 
and the direction of migration of the material in a potential gradient. 
Furthermore, there is a marked relation to both valency and migration- 
velocity of ion, and degree of dissociation and rapidity of addition of the 
electrolyte. The precipitating ions of the various electrolytes appear to 
be carried down in equivalent amounts in the coagulum (Picton and | 
Linder, Whitney and Ober, Billitzer), and the amount of any given 
ion carried down is proportional to the amount of colloid precipitated. 
Biltz has obtained precipitates of inorganic colloids of one series 
(positively charged), by any other of another series of colloids 
(negatively charged) and vice versd, in the absence apparently of 
electrolytes, and has pointed out the parallelism of these effects with 
the action of agglutinins on suspensions of bacteria, especially as regards 
the optimum of sedimenting action described by Eisenberg and Volk. 
There are, however, often marked differences between the behaviour of 
inorganic colloids and of proteids, not only to electrolytes but also to 
non-electrolytes, which still require elucidation; and in the case of 
electrolytes the work of Pauli points to a certain specificity in the ionic 
actions, the end result being determined according to the algebraic sum 
of the antagonistic actions of precipitant and sacar: at cas properties 
of the kation and the anion of a salt, 
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For the various theories of the stability of colloidal systems, the 
relation of stability possibly to difference of electrical charge between 
particles and medium, and the action of coagulants, proposed by van 
Bemmelen, Coehn, Hardy, Whetham, Bredig, Donnan, Billitzer, 
Freundlich, Spiro, Pauli, Galeotti, and others, the reader must be 
referred to the original papers noted in the bibliography appended, as 
their discussion would occupy considerable space. 

The production of colloidal solutions of noble metals which exhibit 
many of the properties of natural colloids, direct from the pure substance, — 
by “atomisation ” in the electri¢ arc beneath the surface of pure water 
(Bredig) is another fact in favour of the suspension hypothesis. 

The marked adsorption phenomena and the fact that both true 
suspensions and colloidal solutions exhibit along with a reduction of the 
surface tension of the fluid in which they are formed the formation 
of surface films of greater concentration which can be heaped up 
mechanically and separated by agitation (Ramsden, v. Zawidzki), 
again favours the view that some extremely fine suspension is the state 
of matter in the colloidal system. 

The ultra-microscopic method of Siedentopf and Zsigmondy has 
demonstrated optically the existence in gold sols of particles of a size far 
below the limits of ordinary microscopic vision, and according to 
Raehlmann the application of this method to albuminous solutions 
also yields a positive result’. 

It is obviously possible, however, that a portion of the colloid matter 
may be in true solution though the greater part be in a state of fine 
suspension, 

The demonstration of osmotic pressure in a colloidal solution would 
prove that some of the colloid matter at any rate is in true solution — 
provided that the substance under investigation was in a state of purity, 


_ or if not, in the case where the membrane used for exhibition of the 


pressure was proved permeable to the impurities, but impermeable to 
the colloid. 
_ It is at once obvious that the indirect methods of determining the 
existence of a state of true solution, if employed in the case of investiga- 
tion of proteids, may lead to fallacious results, ° 
Since we have to separate our proteids from the complex mixtures of 

the animal and vegetable kingdom, and since these substances exhibit 
the adsorption properties of colloids in high degree, as witness the 

1 The rotatory action upon polarised light exhibited by proteid solutions is not incon- 
sistent with a state of fine suspension, as Landolt has indicated, ; : 
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difficulty of removal of inorganic and organic substances (e.g. glycogen, 
Gatin-Gruzewska, Loescheke, ricin, Jacoby), from proteid, a solution 
of a proteid containing nothing but proteid and the pure “solvent” 
is beyond our power. Hence tests of true solution based upon 
eryoscopic and conductivity determinations will not settle the point, for 
in the first method the depression of freezing-point will be so small on 
account of the high molecular weight of proteid that it will not only 
fall within the errors of the method, but may be completely masked by 
depression due to contaminating substances in true solution, and in the 
second the method is so delicate that traces of contaminating electrolytes 
_ which we fail to remove must be given the credit of being the probable 
cause of the conductivity observed. 

Several observers have published experiments directed towards the 
measurement by the direct method of a possible osmotic pressure in 
solutions of native proteids. 

Martin, using a silicic acid membrane in the pores of a clay cell, 
states that a small, but constant osmotic pressure was observed with 
solutions of albumin and hemoglobin, but no details are given of the 
methods of preparation of the substances. 

Starlin 8 using a gelatine membrane supported in seitonen’ 
membrane in a well-stirred osmometric apparatus, obtained pressures 
from blood serum in toto when exhibited against either 1°/, sodic- 
chloride solution or the filtrate of the serum through gelatine. The 
pressure was put to the credit of the proteids of the serum, and 
concomitant estimations of the concentration in proteid were made. 
One estimation of pressure against sodic-chloride gave 5:29 mm. of Hg 
per 1 °/, concentration of proteid in a 29 hours’ experiment, while four 
estimations against filtrates through gelatine gave respectively 3°64, 
401, 297, and 423 mm. of Hg per 1 °/, concentration of proteid, over 
periods respectively of 4, 2, 2, and 6 days, the average temperature 
being 16°C. ‘The pressures therefore were not directly proportional to 
the colloids.as estimated, and it is at least possible that a part at any 
rate or the whole of the pressure observed was due to some substance or 
substances other than proteid held back by both the filter and the 
membrane. 

Moore and Parker used a vegetable parchment membrane in an 
unstirred bell-shaped osmometer and experimented with blood-serum 
and white of egg. They found this membrane impermeable to soaps, 
and since such bodies are certainly present in serum the conclusion that 
the pressures observed are due to the proteids is seriously invalidated. 
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Since the duration of each observation is not stated one cannot judge 
whether sufficient time was allowed for equalisation of substances in 
solution (and to which the membrane was permeable) on the two sides of 


‘the membrane before the final reading of pressure was taken, but the 


lower pressures read when sodic-chloride was used as outer fluid instead 


_of distilled water, and where 1°/, sodic-chloride replaced ‘7 °/, sodic- 


chloride solution (Exps. 13, 14, 15, and 16), with one and the same 
serum sample, seem to indicate incomplete equalisation of the pressure of 
this salt. If this is so with a substance of relatively quick diffusion through 
parchment paper, the effect of more slowly diffusing substances must 
have been overlooked. The experiments were conducted at either 38° C. 
or 21° C., and the variation of pressure per 1 °/, concentration of proteids _ 
was 2°5—3°9 mm. of Hg, the higher pressures being at the lower 
temperatures, though it must be stated the samples of serum were 
different. In the experiments with white of egg greater discrepancies 
are seen. Thus in Exps. 5 and 6 with the same sample of white of egg 
(dialysed) .and at the same temperature (38°C.) two such different 
pressures as 76 and 9°1 mm. of Hg per 1°/, concentration of protejd are 
recorded, while in two others (Exps. 3 and 4) the pressures per 1°/, 
concentration of proteid are given as 139 and 155 mm. of Hg at 38° C. 
The extreme variations were 76—160 mm. Hg per 1 °/, of proteid. 

The observations then of Starling, and of Moore and Parker do 
not appear to me to prove that the proteids in serum and white of egg 
exert an osmotic pressure, though they prove that these complex 
mixtures of substances contain something in true solution to which 
gelatine and parchment is impermeable and which gives a readable 
pressure in an osmometer, ee 

Cohnstein made somewhat similar experiments with serum and 
egg-white against water or sodic-chloride solutions. He used a bladder 
membrane, but does not state whether stale or fresh, and, if the latter, 
whether the epithelium was intact. The osmometer was not stirred, the 
longest’ period of experiment was 4 days (more often 1 day), and the 
outflow into a tared vessel is stated up to the end of the period of the 
observation, though whether it was then increasing, steady, or decreasing 
we are not told. He does not state whether the bladder was found 
permeable to the proteids as Moore and Parker have shown is the 
case with fresh peritoneal membrane, but nevertheless applies the results 
to a lymph-formation theory. 

Oker-Blom maintains that gelatine discs imbibe more water 
from ox serum deprived by heat of much of its proteid than from 
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native serum, and considers that the difference in result is due to a loss | 


of osmotic pressure of proteids removed. Spiro, however, quotes 
similar experiments where gelatine discs were found to take up 
more water from horse serum than from distilled water, but. if the 
salts of the serum are largely removed by dialysis the gelatine takes 
up less water than from the native serum, and less than from pure water, 
- while an increase in the uptake of water is got by heating the original 
serum to 58°—60°, «.e. short of the coagulation temperature. Chemical 
changes are known to occur in the heating of serum, as splitting off of 
sulphuretted hydrogen, formation of alkali albumen, and conversion of 
serum albumin to gelatine (Moll). The cornea and agar-agar imbibe 
less water from hydrosols of ferric hydrate than from pure water, while 
the reverse is true of gelatine (Spiro). It is evident that imbibition 
is no test of osmotic pressure, and the addition of various substances to 
_ water has been found to affect the imbibition by gelatine out of all 
proportion to the osmotic pressures. 

In the experiments recorded in the following pages I have measured 
directly with membrane and manometer the osmotic pressure of solutions 
of some native proteids, separated as far us was possible from other 
substances originally present with them, by crystallisation or — out 
followed by washing. 

No one can at present define the exact physical uasasbons which 
may possibly occur in such separations, but that the proteids used for 
experiment had not undergone the gross change called by Cohnheim 


“Denaturierung,” involving insolubility in water and salt solutions, is of 


course evident from the nature of the experiments themselves. I am 
fully aware of the possibilities of the case, and of our ignorance in this 
matter, and can only state that it has been my endeavour to carry 
through all necessary manipulations with as little “injury” to these 
delicate bodies as the necessary processes would admit. The osmometer 


adopted was that used and described by Starling. It allows of — 


excellent stirring during the whole experiment, and, with the motor 
used, over eighty thousand to-and-fro movements of the fluids over the 
membrane occurred per twenty-four hours. The membrane was gelatine 
which had been formalised and then washed free of formaline’; it was 


1 T have found this membrane, if properly built, absolutely impermeable to the proteid 
of solutions of seram globulin, serum albumin (crystallised and amorphous), ovalbumin 
(crystallised and amorphous), casein, hmmoglobin, edestin. In any case where from an 
imperfect construction a trace of proteid was found at the end of the experimental period 
the observation was of course worthless and was discarded. A fresh membrane was 
formed for each experiment. | 
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beni 3 in the pores of dried peritoneal membrane supported on a 
‘perforated silver tube according to the method described by Starling, 
and was found to keep its integrity for three weeks in action and not to 
go into “solution.” -In all cases, unless otherwise stated, the outer 
fluid was distilled water. The reader is referred to the appendix 
for important details and peeeains connected _— the use of this 
osmometer. 


The permeability of the experimental membrane. 
Since traces of substances other than proteid must necessarily always 
be present in the experimental fluids, experiments were made to test the 
permeability of the membrane. The substances were tested in aqueous 
_ solutions against distilled water and the transient pressure observed. 


Pressure in mm. of Hg 
Substance Concentration 4 hrs, day 2days Sdays 4days Temp. 
1(1), Sodie chloride “1%, 
1(2), Sodic carbonate 025 
(3). Sodie hydrate 02 0 
(5). Ammonium sulphate 15 60 0 oo — — Bb 
(6). Magnesium sulphate 08 
(7). Calcium hydrogen phosphate 
(8). Calcium sulphate 


39, 20, 4, 0. 


_ The soluble part of the ash of dog’s blood serum (1°92 gms. in 60 c.c. 
water) dialysed through a gelatinised parchment thimble for 6 days, 
gave no pressure in an osmometer. 


Organic substances. 


_ The following substances had all ceased to give any pressure by 
24 hrs. at 15°C. and had therefore equalised through the membrane : 


Tyrosine. Saturated solution at 15°C. Indol. Saturated solution at 15°C. 


Leucine | Hippuric acid 04 
Taurin 
ucose ‘1 Asparagin 
1Tryptophane ; 04 


| ) My thanks are due to Dr Gowland Ho kins for 
sees Pp kindly supplying me with a 
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Certain other organic substances or mixtures of substances took 
considerably longer to equalise them: 


Tasie IT. 
Pressure in mm. of Hg | 
Substance Concentration — Temp. 
Ist 2nd rd 4th Sth 6th 7th 
Ethyl alcohol 1o.c. diluted to 100c.c. 82 8 0 0 0 0 O 15°C, 
1 Sodic glycerophosphate 3°, 68 36 12 0 0 0 0 168 
1 Choline | 23 0 0 0 0 16 
Sodic oleate (neutral to phenol- ; 
phthalein) 4 6 8 6 
2The same on an unformalised 
* The same on & parchment mem- 
brane 2 45 87 32 26 21°17 15 16° 
Dried dog’s bile (in vacuo over 
Extractum carnis (dialysed 14 
days through formalised | 
gelatine) 1°36 7,278 10 8 0 0 0 16° 


1’ Also tried with choline on a membrane previously used for the glycerophosphate, 
and with glycerophosphate on a membrane previously used for choline with same result, 

* As with the sodic chloride and carbonate the unformalised membrane is more 
rapidly permeable to soap than the formalised. , 

* The parchment was a Schleicher and Schiill parchment thimble with the bottom 
cut off, slipped over a perforated silver tube made to fit it, the ends being bound with 
thread and sheet-rubber and painted with rubber solution. 

It will be seen that the parchment is slowly permeable by the soap (contra Mesre), 
and I detected soap in the outer fluid. I attribute the difference in the result to the 
‘excellent stirring. The fluids had moved to and fro some six hundred thousand times by 
the - of the seventh day. 


kaha experiment was made with the mixed acid-hydrolysis 
products of fibrin but it was again found that this mixture passed 
through and gave no lasting pressure. 

About 50 grms. dry fibrin heated on water-bath with 1} litres of 15 °/, H,SO, till biuret 
reaction had gone. Hot saturated baryta solution added to slight excess, Filtered off 
barium sulphate. Excess of baryta got rid of with very dilute H,SO,. Proceeded with 


dilute acid and baryta till free of barium and sulphuric acid. Allowed to stand. Evaporated 
down. Dialysed through formalised gelatine 20 days. Evaporated down and filtered. 


A peptone-albumose mixture also passes through the membrane, but 
very slowly. | 
A solution of Griibler’s ‘‘ Pepton puriss ” was dialysed twelve days through a formalised 


gelatinised thimble (the ash after dialysis was 4°83°/,). 100 c.c. of the solution used for 
experiment held -455°/, of organic solids. It took 16 days with coustant motion of the 
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osmometer.to reduce the initial pressure of 56 mm. of Hg to zero, but a steady reduction 
of pressure was evident from the very first day. A pink biuret reaction was got in the 
outer fiuid at the end of this period. 


The membrane was however found to be impensienble to both the 
nucleic acid of yeast and that of thymus gland (adenylic acid), and 
solutions of these bodies in sodic or’ ammonic hydrate gave a lasting 
osmotic pressure against distilled water. . It will be noted however in the 
instances given below that there is a marked falling off of pressure at 
first in spite of the fact that no nucleic acid was detected in the outer 
fluid. The explanation of this is two-fold. It is partly due to a slight 
excess of alkali (difficult to avoid in making the solution) which takes 
some time to pass through the membrane (vide Table I.), but also to a 
“fixation” of some of the nucleic acid by the membrane. I found by 
soaking a membrane in a solution of yeast nucleic acid in sodic hydrate 
that the concentration of the solution was reduced from ‘484 to °447 °/, 
in 10 days. 


Taste ITT. 


mm. fH 


Substance Concen. 1st 8rd 4th 6th 6th 7th 8th 
(1). Nucleic acid of yeast 3%, 31 20 15 14 18 18 18 18 
(2). Do, another preparation “815 388 20 17 15 14 14 14 14 14 165 
(8). Adenylic acid of thymus 822 28 26 22 20 20 20 20 20 


In 1 and 2 the solution was in sodic, in 8 in ammonic hydrate. There was no detect- 
able trace of nucleic acid in the outer fluid at the end of the ninth day. All three specimens 
were free of contaminating proteid. For the method of preparation the reader is referred 
to the appendix. 


Experiments with separated proteids. 

Before proceeding to these a few repetitions of the experiment of 
Starling, of testing the pressure of serum against its filtrate through 
gelatine, may be recorded, as also some trials in which the original serum 
was put against the same deprived of the greater part of its coagulable 
proteid by heating to 80°C. in a closed vessel for 30 minutes and then 
subjecting the coagulum to pressure in a screw-press. These results are 


subjoined, and it will be noted that they are of an irregular nature and 
so of no value for the point at issue. 


} 
By, 
aa 
# 
a 
p. 
C 
| 
4 | 
4 


OSMOTIC PRESSURE OF PROTEIDS. 447 


Taste IV. 
A. Ow serum against its filtrate through gelatine. 


No, of exp. coagulable 
8°25 9, 15° 
(2). 46 711 6-47 17 
(8). 45 7°92 5°68 17 
80 


8°06 8°72 17 


B. Oc serum against the same dealbuminised by heating to 80° C. 


Concentration in coagulable proteid 
(1) 20 8°25 ‘855°, 7°895%, 2°58 15° ©. 
(2). 36 218 897 5-22 16 
(3) 30 8°08 450 7°630 3-93 15 
(4) 22 8-06 230. 7°830 2°81 17 
(5) 44 1°74 ‘207 7°538 5°84 15 


The sera in 1, 2,and 4 in the two tables A and B were from the same 
animals in each case. 


Original Dealbuminised 
570° C. 570° C. 
(2). ‘510 575 
(3). 580 580 
(4). ‘510 570 
(5). 605 -600 


Since the irregularity of the pressures in these results when the 
content in coagulable proteid was taken as unit suggested that the 
pressures were due in part at any rate to other substances variable in 
( amount and character in the different sera, it was considered advisable 

to investigate the pressures obtainable from solutions of proteids 
separated as far as possible from adherent substances. It has already 
been pointed out that the experimental membrane is impermeable to 
nucleic acid and that a constant pressure can be obtained upon it with 
this substance. Probably an extended search might bring to light other 
substances in solution capable of the same effect. 

As the filtrate of diluted white of egg through gelatine also gives 
with the original fluid a constant pressure (in one instance I obtained 
a pressure of 3°57mm. of Hg at 16°C. per 1°/, concentration of 
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coagulable proteid) observations were also made with some of the egg- 
white proteids. 


The ease with which both serum albumin of horse’s blood and 
ovalbumin can be crystallised suggests that crystallisation should be the 
separation process selected to prepare material for the tests. We cannot 
unfortunately give a clear answer to the question as to what extent 
crystallisation of proteids ensures purity or whether the current methods 
alter the physical condition in solution, Wichmann (p. 584) states 
“Es giebt kaum eine krystallisirte Substanz die in so ausgedehntem 
Maasse, einem Schwamme gleich, fremde Substanzen im gelésten Zustande 
in sich aufnimmt, wie das Albumin.” So also Kossel (p. 3229), “Es 
ist also durchaus nicht statthaft, einen Eiweisskérper deshalb als rein 
anzusehen, weil er krystallisirt ist.” Inoko by adding nucleic acid to — 
hemoglobin solutions found it to crystallise out with the hemoglobin ; 
and Schulz and Zsigmondy in their observations upon the “ Goldzahl” 
of various proteids speak of a contaminating substance of unknown nature | 
(not heat coagulable and not ovomucoid) in crystals of ovalbumin, very 
adherent and which required three to six crystallisations for its removal. 
_ It is clear then that the fact that solutions of once crystallised ovalbumin 
or serum albumin give an osmotic pressure cannot yield the conclusion 
straight away that the pressure is of proteid origin. 

Another method of purification in constant use is that of repeated 
salting out and washing of the precipitates with a solution of the salt 
at the same concentration as that used for the salting out. Here again 
we cannot expect, on account of the marked adsorptive properties of all 
proteid precipitates, to get clear of “ contamination ” except by numerous 
repetitions of the process. 

I have used both crystallisation (when feasible), and salting out. __ 

As regards osmotic pressure my experience has not indicated any 
special value of crystallisation over plain salting out. Preparations from | 
one and the same source, provided they are washed to the same extent, 
may give a higher pressure per unit concentration of proteid in crystals 
than in amorphous material or vice versd. I subjoin four cases in 
illustration, two (Nos. 1 and 2) in the case of ovalbumin and two (Nos. 3 
and 4)in the case of the serum albumin of the horse. The solutions 


were of course dialysed free of ammonium sulphate before introduction 
into the osmometers. 7 
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Taste V. Crystallisation versus salting out. 
Crystallised (Am,SO, + HA). Salted out (Am,SO,). 


Pressure in mm, of Hg Pressure _ Pressure in mm. of Hg Pressure 

Day per 1%, Day per 1%, 

tration 3 8:4 8 tration tration 1 2 8 4 6 6 tration 
(1). 5928, 28 27 27 27 27 27 «44:55 | 84209, 7 5 6 & 1°38 
(2). 9°448 58 56 56 56 56 56 5°92 2°968 29 29 30 30 30 30 10°11 
(3). 8886 24 24 24 24 24 24 625 | 8106 15 14 14 14 14 14 4°60 


(4). 8574 19 20 20 20 20 20 5:59 4°250 29 30 30 30 30 30 7:06 


_ Temperatures 14°C, in No. 1, and 15°C. in Nos. 2, 8, and 4, 
1 and 2 are with ovalbumin, 
8 and 4 are with serum albumin (horse). 
In all cases there was one washing with ammonium sulphate solution on a filter-paper. 


Obviously one of the main practical difficulties in work of this class 
is the prevention of putrefactive changes, in the lengthy processes 
connected with proteid manipulations. It is of course inadvisable to 
make use of preservatives, since it is well known that such bodies as 
chloroform, toluol, thymol, etc. alter the physical state and tend to 
coagulate proteid solutions. Furthermore, as Pauli has shown, that the 
fluorine ion has the most powerful coagulant action of the anions the use 
of fluorides must be eschewed. One must work at the lowest convenient 
temperatures and endeavour to keep the concentration of the salts in 
the fluids outside the bacterial optimum, or if one has to pass through 
it, to do so rapidly. A point of interest, however, in connection with — 
putrefaction is that some of the metabolites produced by bacterial 
growth, which raise the pressure as estimated per 1°/, concentration of 
proteid, are carried down with the proteid precipitate and are held back 
by the membrane, since the pressures are just as constant in the well 
stirred osmometers as those got from perfectly fresh solutions of proteids 
recently precipitated out of serum or —_* or from the native fluids. 
Instances are given of this. 3 


Tapz VI. Serum albumin of sheep serum. 


Salt-fractionated and not washed. before salting out. 
of Pressure 
tration 1 2 8 6 tration | tration 1 2 tration 
8144°), 37 34 34 84 34 34 4:17 7572°), 52 54 54 54 54 718 
“ albumin.” 
Salt-fractionated and not washed. Same allowed to putrefy 6 weeks. 


86209, 7 6 56 & 5 5& 1:38 | 884% 42 40 40 40 40 40 10-41 
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One can reduce a pressure due to putrefactive metabolites by 
repéated washing with ammonium sulphate solution, and doubtless with 
perseverance remove it entirely. The following is an instance of such 
reduction : 

A solution of once crystallised and unwashed ovalbumin gave pressure of 3'38:mm. of 
Hg per 1°/, concentration in proteid. It was allowed to putrefy and the next test gave 
1481 mm. of Hg per 1°/, concentration. It was now salted out six times and washed 
each time with ammonium sulphate solution. The'pressure at the next test was'7°35 mm. 
of Hg per 1°/, concentration in proteid. 

Obviously if putrefaction is actively going on during the period of 
observation in the osmometer the pressure will rise during the experi- 
ment. 


Pressure — of Hg 
Crystallised horse serum albumin — cS 
Concentration 6°712°/, (putrefying) 22 33 42 50 52 52 56 66 
Salted out ovalbumin 
Concentration 4°434°/, (putrefying) 0 12 1 80 


If the osmotic pressure of serum and white of egg is due to the 
proteids alone one would expect to get practically the same pressure per 
1 °/, of proteid in crystals or amorphous precipitates by salting out, from 
different samples of serum and white of egg provided no putrefaction has 
occurred and provided that all manipulations are cntried through in 
exactly the same manner. 

This however is not the case, as the following examples indicate. 

It is evident that the pressures got with solutions of salted out or 
crystallised proteids, provided the crystals or precipitates are only 
subjected to one washing, are just as variable in samples from different 
sources as those obtained with the native egg-white or serum (see Table 
IV. p. 447), and since they are of much the same order of magnitude per 
unit concentration of proteid it is evident that the substance or 
‘substances answerable for the pressure have not been altered to any 
noticeable degree by the manipulation. 

The thorough dialysis, the fact that ammonium sulphate passes easily 
through the membrane used (Table I. p. 444), that the observations were 
continued over six days with constant motion of the apparatus day and 
night, and that all samples of the same product were treated in exactly 
the same fashion is sufficient guarantee that traces of ammonium 
sulphate in crystals or precipitates are not the cause of the pressures — 
recorded}, 


1 In’ cases of short dialyses the last quantum of water used for dialysis became the 
outer fluid in the osmometric experiment. 


Bx 
¥ 
at 
ay 
8 
“4 
“a 
aS 
‘ 


OSMOTIC PRESSURE OF PROTEIDS. 451 


Taste VII, 
Salted out egg albumin (Am,SO,). 
Pressure per 1°/, 
expt. inproteid mmofig mmofHg Temp. expt. Remarks 
(1) 8°624°/, 5 1-38 15° 6 Crystallisable. 
(2) 4145 20 4°82 15 12 Incubated 8dys. Good chicks, 
Not crystallisable. 
(3) 2-968 30 10°11 14 10 Crystallisable. 
(4) 2864 45 15°71 16 7 Not crystallisable. 
Once crystallised ovalbumin (Am,SO,+ HA). 
(5) 6 928%, 27 4°55 15° C. 6 
(6) 12-01 97 8°07 15 6 Shop eggs. 
(7) 10-06 34 8°38 16. 15 
Twice crystallised ovalbumin (Am,80,+ HA). 
(8) 6478, 45 6°94 18° C. 5 
(9) 16 2°84 15 10 
Salted out serum albumin (Am,80,). 
(10) 1-922°, 0 0 16°C. 10 Ox. 
(11)  3°106 14 460 15 20 Horse. 
Crystallised serum albumin (Am,SO,+ HA). 
(12) 3-836, 24 6°25 15°C. 20 Horse. 
(18) 3°574 20 5°59 15 10 Horse. 
Globulin” of egg-white (4 sat. Am,SO,). 
(14) 3°26°, 9 2°76 16°C. iil In 5°/, NaCl. 
(15) 3°93 13 8°31 15 10 In 18°/, Am,S0,. 
Globulin of ox serum (4 sat. Am,SO,). 
(16) 3°946%, 9 2°28 165°C: In 2:83 Am,SO,. 


All the above precipitates or crystals were once washed with 50°/, soln. of Am,SO, before 
dialysis, | 

The dialysis in the case of globulins was into salt solutions, to equalise the salts before 
proceeding to the osmometric determinations. The outer fluid of the dialysis formed the 
outer fluid in the osmometer in such cases. 


As an additional proof that a simple salting out does not markedly 
affect the pressure-producing substance in serum, the following observa- 
tion may be quoted. 


A sample of sheep’s serum holding 6-927 °/, of coagulable proteid was filtered through 
gelatine, and the proteid-free filtrate and some of the original serum observed for eight 
days in the osmometer. The constant pressure was 30 mm, of mercury at 16°C., i.e. 
4:33 mm, of mercury per 1°/, concentration of proteid. 

The proteids of some of the same serum were salted out in toto with Am,SO,, the 
material placed in a dialyser, and dialysed three weeks. The proteid still in solution was 
inspissated in a vacuum pan at 25°C. and the solution then placed in an osmometer 
against distilled water. The constant pressure was 34 mm. at 16°C., with a concentration 
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in coagulable proteid of 8144 “Jy, ie, the pressure per 1°/, concentration was 4°17 mm. Hg, 
and this in spite of the fact that the greater part of the globulin of the serum was 
left behind in the dialyser as the salts passed out. 


The fact that in Exp. 10, in Table VII., no pressure at all was 
obtained, though the customary search for leaks or imperfections of 


- membrane proved that everything was in order, indicated that a pressure- 


free proteid solution was a possibility. I proceeded therefore to 
deliberately wash precipitates or crystals of proteid with salt solutions, 
taking the pressure of samples of the material from time to time. It 
was at once seen that the pressure per 1°/, concentration in proteid 
steadily fell off with continued washing, and provided no putrefaction 
intervenes during the washing processes’, a fact which is evident in the 
osmometer by a rise in a previously descending series of pressures (and also 
I think by a rise in the polarimetric value), solutions of proteid giving no 
osmotic pressure are obtainable either from crystals or salted out 

In Table VIII. are given three cases of reduction of pressure by 
washing with a subsequent rise as the result of putrefaction. 

In Table IX. some cases in which solutions of proteids giving no 
osmotic pressure were obtained. 


rise on putrefaction. 


in proteid mm. of ‘is in es ofHg Temp. Remarks 
‘Twice crystallised ovalbumin. 
I. (a) 6°478°, 45 6°94 18°C. Once washed Am,S80, solution. 
(b) 3°147 8 2°54: 18° Three times salted out and washed. 
(c) 3°642 24 6°59 18° Solution (b) allowed to stand three 
weeks in laboratory. 
Once crystallised horse serum albumin. , 
II. (a) 3°836°, 24 6°25 16°C. Once washed Am,SO, solution. 
(b) 2°852 5 1°75 16° Washed seven times, NaCl solution 
acidified HA. 
(c) 2°306 9 390 15° Solution (b) allowed to stand two 
weeks in laboratory. 


Salted out egg-albumin. 


(a) 2°864°, 45 15°71 16°C. Once washed Am,SO, solution. 
(b) 4°246 28 6°59 16° Six times salted out and washed. 
(c) 3-076 8 2°60 15° Twelve times salted out and washed. 
(d) 3°798 12 3°16 14° Sixteen times salted out and washed. 
(Rise of polarimetric value.) 
¢) 4° in 
| (e) | ae 16 Had stood in laboratory four weeks. 


1 The sense of smell is of course no guide in the early stages. 
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Temp. Remarks 
Crystallised ovalbumin. 
(1) 8-268 °/, 0 16°C. Thrice crystallised. Washed six lots Am,SQ,. 
: Recrystallised at end of washing period 
(a)p= 30°60. 
(2) 3-042 0 16° Same, but washed NaCl solution acidified HA. 
| Required, after dialysis, addition of NaCl to clot 
by heat. 
(3) 1°862 0 18° Thrice crystallised. Washed four lots NaCl solution 
acidified HA, Nitrogen 15-41 °/, (Kjeldahl). 
(4) 3-979 0 18° Twice crystallised. Details of washing lost. 


Salted out ox serum albumin 


(5) 3-420 %, 0 15°C. Salted out and washed six times Am,S0,. 
(6) 2°548 0 15° Ditto, but different specimen. 
(7) 3°454 0 15° - Ditto, but different specimen. 
_ (8) 1922 0 15° Salted out and washed once only Am,S0,. 
(9) 3-280 0 16° Salted out and washed three times with anhydrous 
Na,SO, at 35°C. (Pinkus). 
Salted out horse serum albumin. us 
(10) 4°064 °, 0 15°C. Salted out and washed six times Am,SO,. 
' Salted out globulin of ox serum. 
(11) 4-420 °/, 0 . 18°C, Salted out and washed six times Am,SO,. Solu- - 
tion in 5°62°/, Am,SO,. 
(12) 3°727 0 155° Ditto. Solution in 3°509%/, Am,S0,. 
Globulin” of egg-white (4 saturation Am,S0O,). 
(13) 2°826 °/, 0 14°C. Salted out once, washed three times Am,SO,, 


4 sat. soln. Solution in 6°872°/, Am,SO,. 


A solution of the serum albumin of No. 5 was allowed to stand in the laboratory for 
5 months. It never developed any putrid odour, and was not coagulable by heat without 
the addition of sodic chloride. Some bacterium in pure culture had however developed in 
it, and its constant pressure was now 7°29 mm. of Hg per 1°/, of coagulable proteid 
at 17°C. 


By drying off some of the ssindiaas of samples of osmotic pressure- 
free proteid in the vacuum pan I was able to obtain the solid in a 
condition in which it could be kept indefinitely and capable of being 
taken up at once in distilled water. 

If the hypothesis upon which the work had proceeded so far is 
correct, viz. that the osmotic pressure of such physiological fluids as 
serum and egg-white is due to some other substance or substances than 
the proteids they contain, it should be possible to prepare solutions from 
those fluids capable of giving a lasting osmotic pressure on the experi- 
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mental membrane, at any rate in the presence of osmotic pressure-free 
proteid, | | 

The first attempts to prepare such solutions were by hot water 
extracts of the heat-coagulated proteids or by alcohol extracts of the 


a couple of days were obtained. 

The method which gave a positive result was adopted as a result of 
the observation that the washing of proteid precipitates reduced the 
osmotic pressure they were capable of exhibiting when taken up in 
water. | 

The washings and filtrates after salting out were therefore collected, 
the ammonium sulphate removed by dialysis and the fluid reduced in 
the vacuum pan at a temperature not exceeding 20°—25° C.. The last 
traces of ammonium sulphate were finally removed by a second dialysis 
through gelatinised parchment which had been formalised and the 
fluid exhibited in the osmometer against distilled water. 

As some previous experiments had indicated that the permeability of 
a plain gelatine membrane and of a proteid plus gelatine membrane are 
not of the same order in the case of solutions of certain substances, the 
tests were made, both with the solution as obtained from the washings, 
and with the same after an addition of some osmotic pressure-free proteid, 
or simply upon a membrane previously used in a test of an osmotic 
pressure-free proteid solution. A control osmometer held a solution of 
the osmotic pressure-free proteid alone. The following results were 
obtained in the three cases in which this test was made. 


Pressure from the proteid-free washings of precipitates of proteids. 
I. Salted out ox serum albumin. (Pressure of material of first salt out not taken.) 
First 44 litres of washings and filtrates dialysed free of most of the ammonium sulphate 
and reduced to 100 oc. in vacuum pan at 20° C. 
Fluid filtered and again dialysed through gelatinised and formalised parchment 
thimble till quite free of Am,SO,. : 
Xantho-proteic, biuret, and Millon reactions negative. 


Pressure in mm. of Hg 
(a2) Membrane previously used for a test of osmotic tre ee 
(6) Simple formalised gelatine membrane 
(c) Control with osmotic pressure-free proteid 1°/, 


‘Temperature 15° C. in each case. 


N.B. Fourteen days’ dialysis through gelatinised and formalised parchment thimble 
between Exp. (b) which took place first and Exp. (a): The fact that the plain gelatine 


aleohol-coagulated proteids. Only transient pressures falling to zeroin 
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membrane is permeable to the substances in the washings was unknown to me when this 
experiment was made and I therefore lost much valuable material during these fourteen days. 


Il. Salted out ox serum albumin. of GF 407 tani. Hy 
per 1°, concentration in proteid. 
Xantho-proteic, biuret, acetic and ferrocyanide, Hopkins-Cole and Molisch tests all 
negative. 
Millon test gave an opalescence only. Neutral to litmus. 
Organic solids “116 %, 
Inorganic solids 216 (Chiefly calcium sulphate.) 


Pressure in of Hg 
Hg 


albumin added 90 
(b) Solution alone 12 
(c) Control with osmotic pressure-free proteid 1 °/, 0 
Temperature 16° C. in each case. 
. In (a) and (6) calcium sulphate present in outer fluid at end of experiment. 


45 
4 
0 


Iil. Salted out egg-albumin. Pressure of material of first salt out 1°38 mm. per 1°/, | 
concentration in proteid. 
First 4 litres of washings and filtrates treated as above. : 
Millon, biuret, xantho-proteic, acetic and ferrocyanide, Hopkins-Cole and Molisch 
reactions all negative. Neutral to litmus. 
Organic solids ‘067°, 
Inorganic salts "130 calcium sulphate.) 


(2) Solution with 4°/, osmotic pressure-free egg-albumin 4 
(b) Control with osmotic pressure-free egg-albumin 4°/, 0 


Temperature 15°C. in each case. 


Though the pressures in the above experiments are small they have 
the value of constancy after certain substances to which the proteid and 
gelatine membrane is permeable have had time to be equalised (IL). 
Unfortunately none of the washings used for these experiments came 
from fluids the first precipitates of which gave high pressures. Had one 
_ started from such samples of egg-white, for instance as those in Nos. 3 
and 4 in Table VII. with an original pressure for the material first salted 
out of 10°11 and 15°71 mm. of Hg. for the 1°/, concentration in proteid, 
greater pressures would probably have been got in the washings. It must 
be remembered also that only about half the washings were treated on 
account of the unwieldy bulk they would have attained during the process 
of dialysing out the ammonium sulphate, and that when yards of 
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dialysis tubing are used to get through the process with the utmost speed, 
leaks are practically unavoidable. Unless I. (b) and II. (b) were leaky 
osmometer membranes (and, of course, as the substance producing the 
pressure is unknown one cannot test the outer fluid) the presence of 
proteid appears to be necessary to render the membrane impermeable. 


The quantity of solid matter obtained from the washings was of course | 


too small to admit of analysis, but one can indicate certain — 
which are not the cause of the pressure. 

_ _Embden and Knoop, Langstein, and Schumm have found pro- 
teids incoagulable by heat in serum (albumoses? mucoid ?), but there 

was no proteid reaction in these washings. Yet the rise of pressure in 

putrefying proteid-holding fluids might be due to an albumose. We 

have seen that the plain gelatine membrane is permeable by an 


albumose peptone mixture (p. 445), it was, however, necessary to try the 


experiment in the presence of osmotic pressure-free proteid. 


Griibler’s “ pepton puriss ” dialysed through gelatinised and formalised parchment for 
28 days,. Ash 1%,. 
Concentration in organic solids of solution in osmometer "994 %,. 


“Peptone” 78 60 50 38 35 30 27 23 20 161839753810 «16°C; 


Evidently this mixture slowly passes through, and, indeed, peptone was easily detected 
in the outer fluid. 


The following substances also pass through the membrane in the 
presence of osmotic pressure-free proteid. 


TaBLE X. 1°/, of osmotic pressure-free proteid present. 


: : 1 2 8 4 5 6 7 8 Temp. 
Calcic glycerophosphate -2 °/, 4 0 
Acid hydrolysis products of fibrin (-11 °/, 7 


The objection may be raised that the substances in the washings giving 
osmotic pressure upon a formalised gelatine membrane in the presence 
of osmotic pressure-free proteid were produced by the ammonium 
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sulphate, and not simply removed from the proteid, the matter removed 
being changed to a state in which it could pass through the membrane. 
I can only state that the salt used all came from one batch of tite por 
I could obtain, and was neutral in solution to lacmoid. 

Lastly, it may be pointed out that the pressures observed with 
proteid solutions on gelatine membranes bear no relation whatever to 
the amount of ash which can be obtained from them. 

A few instances will indicate this at a glance. 


Taste XI. 


Twice crystallised ovalbumin (once washed) ‘120 3°38 
Ditto (many times washed) "267 0:00 
Salted out egg-albumin (once washed) "312 4°82 
Ditto (once washed) “220 15°71 
Salted out ox serum-albumin (many times washed) 633 0°00 
Ditto (once washed) “461 4°29 


Other results with caseinogen and hemoglobin will be published in 
due course, but it may be stated now that solutions of caseinogen in 
lime water, which coagulated with rennin and exhibited the well-known 
increase of opalescence at 40°C., clearing on cooling, have been 
obtained free of osmotic pressure. | : 


CONCLUSIONS. 


1. The osmotic pressure of serum and egg-white per unit con- 
centration of proteid is very variable in different samples of these 
fluids. 

2. Dialysed solutions of the proteids salted out or crystallised from 
these fluids still give osmotic pressure, and these artificial solutions 
exhibit the same variability of pressure per unit concentration of proteid 
according to their original source. 

3. By washing the salted out or crystallised proteids, ‘solutions of 
proteids are obtained giving no osmotic pressure. 

4. Substances not of proteid nature, but giving osmotic pressure in 
solution, may be recovered from the washings of proteid precipitates, the 
washed proteid itself giving no osmotic pressure when taken up in water. 
The presence of (osmotic pressure-free) proteid in the membrane has 


_ been found necessary for its impermeability to these substances. 


5. The metabolites of proteid produced by bacterial growth will 
impart osmotic pressure to solutions of proteid previously giving none, 
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and the pressures so produced are as constant as those om native 
albuminous fluids and can be reduced by washing. 

6, It is probable that the osmotic pressure given by blood serum 
and egg-white upon a membrane of gelatine is produced by other 
substances than the proteids, and that certain proteid —" 
_— in such fluids are its cause. 


My thanks are due to Mr F. G. Young, Assistant in the Physiological 
Laboratory, for much help in the prepeeeiicn and analyses of the material used 
in the above experiments. 

Grants towards the expenses of this work have been received — the 
— Association and from the Carnegie Trustees. , 


APPENDIX. 


Osmometer. The description of the apparatus will be found in 
a paper by Starling’, but a few additional remarks may not be out of 


The closure of the outer glass vessel at the part where the inner 
perforated metal tube which supports the membrane passes through was 
effected by means of ordinary corks, which had been soaked in hot 
paraffine wax, both the joint between cork and outer, and cork and inner 
tube, being luted with beeswax and tallow. These corks were 
frequently renewed. Rubber corks get distorted in putting the ap- 
paratus together, and their subsequent “flow” may alter the pressure in 
the apparatus. 
The joints were teated by immersion in water and raising the air 
pressure in the space between membrane and glass to 100 mm. of Hg., 
while air bells were searched for at the joints. This pressure was 
sufficient since readings of the manometer seldom reached half this 
value. 
_ ‘The manometer was supplied with a tap opening to the air for taking 

the zero of the apparatus, and this tap was freshly greased for each 
experiment, after the usual cleansing of the manometer with alkali, acid, 
alcohol, and ether, and refilling with mercury. As a possible cause 
of a leak especial attention was paid to this tap. 

The most likely source of error in a reading is of course a difference 
of temperature between the fluids and the external air, as from its 
construction the apparatus forms an excellent thermometer. Each 


1 This Journal, xx1v, 817. 1899. 
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osmometer had its own thermometer, reading to tenths of a degree, 
immersed in the inner fluid, and a standard thermometer, against which 
the instruments in the osmometers had been checked, stood in air beside 
the apparatus. 

After filling, the ‘iehnebers stood with the taps on their manometers 
open, and readings of the air and immersed thermometers were taken until 
they were the same—the zero of the manometer scale was then read, the 
tap closed, and the motor started. All subsequent readings were taken at 
the temperature at which the tap was closed, it being possible by the valve 
- on the steam-pipe of the laboratory to graduate the temperature of the 
room with delicacy. During the period when the tap on the manometer 
stood open while temperature was equalising, it was possible by watching 
the fluid in the manometer above the mercury to determine whether 
all was tight. The zero of the manometer was always taken again at 
the end of the experiment, since with some fluids a slight change 
occurred by imbibition in the gelatine affecting the volume of the space 
between membrane and glass vessel. 

The membranes were prepared thus. The silver perforated tube was 
painted with 10 °/, gelatine solution, a layer of dried peritoneal membrane 
applied, a second layer of gelatine painted on, and a second layer of 
membrane applied. A ligature was now placed at each end of the 
membrane, and a criss-cross of thread over the whole, with special 
windings at the “ weak points” at the ends, where fluid might possibly 
work its way between tube and membrane. The whole was then soaked 
in hot 10°/, gelatine for an hour, cooled, subjected to 10°/, formaline for 
half-an-hour, and then given a long wash in repeatedly changed distilled 
water. The tube with its membrane was now placed, over-night, in a 
moist chamber. If this is not done serious imbibition errors may creep 
in. I have built nearly two hundred of these membranes on this plan, 
and leaks have been very rare. The outer fluid was always tested at the 
end of the experimental period, and I have seldom had to discard an 
experiment for a leak in the membrane. A fresh membrane was built 
for each experiment unless it is otherwise stated. A hot air motor 
enabled the apparatus to be kept in motion, night and day, with no 
attention, and as already stated in the text the fluids moved to and fro 
over 80,000 times every 24 hours, so that stirring was efficient. 

As there is no “slapping motion” of the fluid on the membrane | 
I was never troubled with mechanical coagulation, and the estimations: 
of proteid concentration made before introduction into the apparatus 
and after a week’s run agreed well with one another. The apparatus 
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was sensitive enough for its purpose, for even if. the molecular weight of 
proteid were put at 320,000, since one could read to half a millimetre of 
mercury pressure, a one per cent. solution would have given a — 
and all my fluids were more concentrated. 

The bore of the manometer was narrow, so that very slight dilution 
of the bulk of fluid was necessary to move the mercury. ‘The tubes 
were tapped before reading. 

The apparatus was tried, reversed, 1.e. with the fluid, the osmotic 


_ pressure of which was to be taken, inside the silver tube, and water 


in the space between this tube and the glass vessel, and found to give 
similar readings by “suction” to those got by “pressure.” This could 
not of course be done if there was any danger of mechanical coagulation 
in the solution under investigation. Often after a pressure had been 
measured, it was let down, the tap again closed, and the apparatus set 
in motion. The new reading was of course slightly below the first on 
account of the necessary dilution. All solutions were filtered through 
Swedish papers before introduction into the osmometer. | 

Orystallisations of proteid. The Hopkins method was found to be 
the most successful. With horse serum albumin this method sometimes 
succeeded when the methods of Giirber, Michel, and Krieger failed. 
Crystals subjected to washing were always microscopically examined 
at the end of the washing period; [ found them intact. I was rather 


surprised to find that crystals of ovalbumin which had been washed for 


a month by decantation, using six quantities of ammonium sulphate 
solution (20 litres in all), recrystallised quite easily. It is difficult to 
imagine that ammonium sulphate alters the physical state to any 
marked degree if this can occur. Eggs were obtained as a rule from 
@ private source, so that their age was known, but on one occasion 
I obtained excellent crystals quite easily from the cheapest shop-eggs. 

The estimations of proteid concentration. These were made both by 
the Hopkins-Devoto method and by drying to constant weight and 
ashing, the latter method only being employed in the case of 
crystallised or well washed salted out material. In such material the two 
methods gave very congruent results, except that the ash tends to be a 
little higher with the Hopkins-Devoto method. 

For details of the estimation method in the case of serum see a 
previous Paper’. 

Nucleic acid preparation. For the yeast nucleic acid a start was 
made from two samples bought from Merck. Both were loaded with 

This Journal, xxvm. p. 172. 1901. 
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proteid, and the usual trouble was experienced in getting quite rid of 
it. I began by taking up in weak ammonia, exactly neutralising excess 
by weak hydrochloric acid, and carefully adding weak acetic acid. to 
precipitate nucleo-proteid, then after filtering this off, acidifying the 
filtrate with hydrochloric acid and adding alcohol to precipitate. I 
found it a great help to heat with “alumina cream” at the stage where 
the nucleo-proteid remained suspended in the fluid (passing through the 
filter-papers) after addition of the acetic acid. It was however necessary 
to repeat this process at least six times before the biaret reaction had . 
quite gone. 

The adenylic acid was prepared from thymus glands after the method 
of Kossel and Neumann. I got a beautifully clear solution by this 
method, but the yield per unit of raw thymus was not so great as they 
state, Gamgee and Jones say that this substance gives (a)p) =+156°9 
to +154°2. .My solution only gave +146°36, but it was faintly 
alkaline as introduced into the polarimeter, and these observers state 
that alkalinity reduces the specific rotatory power. I could not detect 
any proteid in it. | 

Washing of proteids. This was conducted either by decantation or by 
washing on filter-papers and draining. The washing solution for serum 
and egg albumin was seven parts of saturated ammonium sulphate 
solution to three of water, and for globulins equal parts. Crystals were 
always washed by decantation, and sometimes with ammonium sulphate 
solution, at others with sodic chloride acidified with acetic acid. 
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$O0ME OBSERVATIONS ON BLOOD PIGMENTS. By 


P. P. LAIDLAW, B.A., St John’s College, Cambridge. 

(From the Physiological Laboratory, Cambridge.) 
Hoppe-Seyler™ made the interesting observation that the iron of 
hemochromagen was readily removed by dilute acids, and that reducing 
agents of acidic nature with almost equal readiness set free ‘hemato- 


porphyrin from hematin. It is a familiar fact that the removal of iron 
from hematin in the absence of reducing agents is accomplished with 


difficulty and is only effected by such strong reagents as concentrated 


sulphuric. acid, glacial acetic saturated with hydrobromic acid, or hydro- 
chloric acid heated in a sealed tube to 180°C, These’ observations 


_ which showed that the stability of the iron in hematin was dependent 


on the presence of oxygen in the molecule do not seem to have attracted 
much notice, possibly because other observers failed to confirm Hoppe- 
Seyler’s results (Nencki and Sieber™), : 

The point was brought under my notice in a ‘most striking manner 
a short time ago while performing some experiments with blood which 
had stood until completely reduced. I noticed that whereas oxyhemo- 
globin yielded hematin to all strengths of mineral acids (except concen- 
trated sulphuric acid), reduced hemoglobin treated in the same manne 
gave hematoporphyrin. Further, 15°/, hydrochloric in the cold was 
sufficient to remove the iron in the case of reduced pigment even when 
no precautions were taken to exclude air from the reaction. | 

The primary observations were performed with blood which had 
stood until completely reduced, and it might have been thought that 
the reaction was specific for bacterially reduced hemoglobin, but this is 
not the case. For if the self-reduced blood be thoroughly shaken until 
completely oxidised, it presents precisely the same resistance to the 
removal of its iron that one meets with in the case of fresh-drawn 
arterial blood. Further, if a reducing agent be used the bye-products 
of which are a negligible quantity (such as hydrazine hydrate) the 
reduced hemoglobin presents the same characteristics as those exhibited 
by the bacterially reduced pigment. In other words we have here the 
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fact thoroughly emphasised that the stability or otherwise of the iron in 
the blood pigment molecule i is entirely dependent on the prieaiee < or 
| absence of oxygen. 

The first effect of acids on reduced hemoglobin 3 is the forinuition of 
hemochromagen. and this subsequently yields hematoporphyrin if the 
concentration of acid is sufficiently high. 15 °/, HCl in the cold yields a 
. pure product ; with lower concentrations there is apt to be only — 
conversion. 

2°/, HCl in the complete absence of air is quite sufficient to give a 
considerable yield of hematoporphyrin, and from this upwards the 
conversion becomes more and more complete. 

The significance of this reaction does not seem to me to bare been 
fully recognised, for the fact that 2°/, hydrochloric acid can split off the 
iron from the pigment in the reduced condition, and the fact that the 
strongest: hydrochloric acid aided by heat and pressure is required to 
effect the cleavage in the oxidised pigment, proves beyond the possibility 
of doubt that the presence of oxygen confers stability to the iron of 
blood pigments and the simplest explanation seems to be that the 
oxygen of oxyhzemoglobin is in direct relation to the iron. And al- — 
though Hoppe-Seyler and others have thought that this was the case 
from the weight of oxygen unitying with hemoglobin to form oxy- 
hemoglobin relative to the amount of iron it contained, the methods 
used were not above criticism and evidence so obtained was at. best 
indirect. The facts above mentioned are however much more conclusive, 
and although they seem to have been partially known to Hoppe- 
Seyler’ ®, Nencki and Sieber disbelieved them and they have not 
so far.as Iam aware been brought forward in proof of the relation of 
oxygen to iron. . 

It further seems to me probable that the hematoporphyrin grouping 
is present in the hemoglobin molecule, for the extraordinary ease and 
rapidity of its formation from reduced pigment precludes the possibility 
of any great intra-molecular change (vide infra). Again these facts 
throw some small light on the formation of h»matoporphyrin in cases 
of hematoporphyrinaria, for there was always a slight problem as to how 
the body was able to form this pigment which in the laboratory could 
only be prepared by strong reagents. Now however when one re- 
members that the cell probably deals with the pigment in the 
reduced condition we are more readily able to understand the change. 


1 Hoppe-Seyler merely showed that hwmochromagen was easily decomposed by 
dilute acids in absence of air. . 
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- Struck by the ease of the removal of the iron I attempted to replace 
it, and from heematoporphyrin make hematin. I was completely 
successful. About 1 grm. hematoporphyrin prepared by Nencki's 
‘method, which yields a product of the highest purity, was dissolved in 
dilute ammonia and warmed on the water bath. Some Stokes’ fluid 
prepared from about 2 grms. ferrous sulphate (it is better to use large | 
excess) was now added, and a few drops of a 50°/, solution hydrazine 
hydrate. The operation is best conducted in a flask to exclude air as 
much as possible. At the end of one or two hours, care having been 
taken to replace evaporated ammonia and to keep the whole thoroughly 
reduced by hydrazine, the solution is seen to be of a bright red colour 
in thin layers. A sample taken out and diluted shows the well- 
known bands of hemochromagen, and these change to alkaline hematin — 
on agitating with air. If the hematoporphyrin is pure the reaction is 
rapid, but even impure hematoporphyrin gives some hematin by pro- 
longed treatment on the above lines. It is worth mentioning at this 
point that Saillet® found a two-banded spectrum resembling oxy- 
hemoglobin on boiling a solution of hematoporphyrin in ammonia for 
some time.. The substance giving this spectrum -= however, readily — 
destroyed by acids and would not oxidise. 

The best method to use in separation of the hematin from the 
mixture is to proceed as follows :—The solution of pigment Stokes’ fluid, 
etc. is poured into a large evaporating dish and some strong potash 
added. The ammonia is now evaporated off when excess of iron comes 
down. By handling of the pigment in free exposure to the air the 
hydrazine is decomposed and a solution of hematin in potash remains. 
The pigment is now thrown out by acid, collected on a filter paper and 
washed with dilute hydrochloric acid till washings show no trace of 
hematoporphyrin. The pigment is taken up in dilute alkali and 
thrown out once more, The amount of hematoporphyrin remaining 
unchanged is a very variable quantity depending on the purity of the 
original substance and the length of time it is submitted to the - 
treatment, 

To fully prove the identity of the synthetic pigment and the 
natural I the table of their characters, 
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1, Black solid with bluish metallic lustre — 


(non-crystalline). 
2, Soluble in alkalies giving deep red in 
thick layers and brown-green in thin. 


8. Soluble in glacial acetic or acid alcohol 
with brown solution. 


4. Insoluble in dilute aqueous acids. 


467 


Natural 


Blue-black solid with metallic lustre (non- 


crystalline), 
Soluble in alkalies giving same shades in 
varying thickness of solution. 


Soluble in same reagents giving same 
colour in solution. 


Insoluble in dilute aqueous acid. 
5. Spectrum in acid solution | 
a band {579 shading from D line to <a i shading from Dlineto _ 


violet end. violet end. 


The band varies in position ncoording to acid used in both 
6. Acid ethereal solution 
a {680 B about 580 5510 
7. 
(diffuse) shading variable. 


8. Hemochroniagen . 
1567 518 
9. Only reducible by hydrazine cing or Only reducible by hydrazine hydrate if 


The fact that pure hematin is irreducible by weak agents such as 
ammonium sulphide was first shown by Hoppe-Seyler, and this point — 
is I think a strong one in favour of the identity of the two substances. 

When we have all these physical characters identical and add to 
them the fact that the strength of reducing agent necessary to effect 
reduction is the same in both substances and that the presence of blood 
proteids renders a weaker reducing agent such as ammonium sulphide 
efficient in both cases, few can doubt the identity of the two compounds. 

Bertin Sans and Montessier® noticed that: other substances 
besides proteid rendered weak reducing agents efficient in this particular. 
case, ethylamine, aniline, glycocoll, taurine, etc. I have endeavoured to 
repeat their results but have never found pure hemochromagen a 
product of reduction by these means. 

With regard to the formation of hwmin crystals I met with results 
that appeared at first sight disappointing; repeated trials of all the 
described methods gave in two cases only a small yield of impure 
crystals: I find however that there is equal difficulty in obtaining 
hemin crystals from proteid free hematin (hematin from which the 
globin had been removed). 
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Crystallisation of hemin by Schalfijew’s method is very simple and 

gives an almost quantitative yield if the directions are closely followed, 
- but departure from these is liable to lead to no yield at all. 

Thus if blood be treated with cold glacial acetic and then heated to 
80° C. and allowed to stand instead of being poured into glacial acetic at 
80° C. no crystalsform. Or if hematin be prepared from hemoglobin by 
repeated precipitation by acid and solution with alkali till no proteid is 
present it will not yield hemin by Schalfijew’s method. Reduced oxy- 
or met-hemoglobin all give a good yield by this method. It is the 
presence of the globin that determines the formation ; again in testing 
for blood by hemin crystal formation on a microscope slide; if blood be 
taken too quickly to dryness so that. the globin is coagulated, hemin 
crystals will not form. The test succeeds best the slower the specimen 
of blood is taken to dryness and the less the hemoglobin is changed. 
The factor determining the crystal formation is in all cases then the 
union of the proteid and it seems to me a fair deduction that the acetyl 
which is introduced takes the place of the globin group in the blood 
pigment molecule. 

It is true several observers, Nencki and Sieber®, have succeeded 
in making hemin crystals from proteid free hematin or presumably 
proteid free, but I have tried all the described methods without success. — 
There is something in the conditions necessary which it is difficult to 
obtain. 

- Without laying too much stress on the following incineration figures, 
the percentage of iron in the reformed hamatin is of interest as it helps 
to show the possibility of hematin without:an acetyl or ethoxy group, a 
point which certain observers! at present deny. | 

The methods used in obtaining the pigment up till now are either 
acid alcohol which probably introduces an ethoxy group or glacial 
acetic acid which introduces acetyl, and these differences are not 
observable in an elementary analysis. : 


Example. ‘2723 grm. hematin dried at 100° C. and desiccated over 


strong H.SO, for 24 hours yielded on incineration 
‘0373 grm. of Fe,O, 
= 9°58 °/, of iron. 


From this figure hematin will have a molecular weight of about 
580 which is what one would expect from Nencki’s conception that 
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saibibi has the formula C,,H,N,O,Fe (574). This is of course 
hematin without the acetyl group and is a simple combination of two 
hematoporphyrin groups united by means of iron. The agreement of the 
figures is remarkably good since the product used for incineration was 
not crystalline. 

‘The reformation of hematin shows more clearly than before that this 
substance is a simple union of hematoporphyrin and iron, a condition — 
which has been for some time suspected from the very large yield of 
hematoporphyrin obtained by many observers from hemin crystals. —__ 

It shows moreover that the change in the configuration of the 
molecule caused by removal of the iron is in reality slight and that 
what is true of the decomposition products of hematin will be true for 
those of hematoporphyrin, always excepting the point where iron atom 
is linked to the main groups. 

Another naturally occurring pigment which contains hzematopor- 
phyrin 1 is turacin. This body is a brilliant red colouring matter found in 
the wing feathers of certain plantain eaters and has been the subject 
of investigation by Prof. A. H. Church®-®, Church showed that by 
treatment with strong sulphuric acid a purple-red substance was 
obtained from it which showed the spectrum of acid hwmatoporphyrin, 
and that this body was very similar to, if not identical with, ordinary 
hematoporphyrin ; on account of some minor differences in behaviour 
however he termed it turacoporphyrin. He showed moreover that copper 
was present in the pigment to the extent of 7'1°/,. I have succeeded in 
making from blood hematoporphyrin a body which is indistinguishable 
from the naturally occurring pigment. For its formation all that is 
required is to add to a solution of hematoporphyrin in ammonia some 
cuprammonium solution and boil, turacin is formed at once. It is purified 
by throwing out of solution by acids and prolonged washing with acidified 
water. To obtain a good product it is absolutely essential that the 
heematoporphyrin should be pure and the best method of preparation is 
Nencki’s. 

As far as I can see from the papers of Prof. Church and the small 
amount of natural pigment I have handled myself,—kindly given me 
by Dr F. G. Hopkins,—the natural and artificial pigments are the 
same. 
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Red solid (not yet crystallised). Red solid (not yet crystallised), 
Soluble in alkalies, less so in water. Soluble in alkalies, less so in water. . 
Insoluble in dilute mineral acids. Insoluble in dilute mineral acids. _ 
Insoluble in ether. Insoluble in ether. 
Slightly. soluble in acid and alkaline Very slightly soluble in acid and alka, 
555 520 555 520 

a band hard and dense in even dilute a band hard and dark in dilute solu- 
solutions, more diffuse. tions, fainter and more diffuse. 
Copper only removed by H,SO, conc. Copper only removed by H,SQ, conc. 


Church stated that one of the properties of turacin was the 
oxidation to a green pigment on evaporation of a solution in potash 
exposed to the air. This green pigment he termed turacoverdin, I en- 
deavoured to obtain this from the artificial pigment by similar methods but. 
failed. On investigating some of the natural pigment I found that after 
careful purification, by throwing out with acids and redissolving in 
alkalies for several consecutive times, there was no turacoverdin 
formed on boiling a potash solution in the air and it seems to me likely 
that turacoverdin is present as a colourless chromagen in the feathers. 
and this is extracted along with the turacin. Additional support is lent 
to this view from the fact that Krunkenberg found iron in tura- 
The percentage of copper is the same in both natural and artificial 
pigments. 

"274 grm, heematoporphyrin yielded °2945 turacin, 
difference 0205 = 6:99°/, of Cu. 

- 2945 grm. turacin gave 028 CuO | 

7 ee = 022 Cu = 7°4°/, of Cu. 
_ Now natural turacin contains at least 7°1°/, copper according to 
Church and the similarity in these figures is remarkable considering 
neither natural nor artificial compounds were crystalline. The difference — 
of the synthetic value for the metal and the incineration value was 
doubtless due to slight loss of pigment; I regard the synthesis as 

The percentage of copper gives a molecular weight of about. 850 
which demands three hematoporphyrin molecules to one of copper; a state 
_ of affairs most difficult to explain, but the union must be of a simple 
character from the simplicity of the synthesis. 

To clear away any doubts as to the identity of turacoporphyrin and 
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hesmatoporphyrin it is only necessary to add that from turacoporphyrin 
I have made on a small scale hematin which agrees in all spectral 
characters with the naturally occurring pigment by the same method 
as that described in a previous part of this paper. : 

Cobalt hematoporphyrin. A cobalt compound of 

may be made which presents very similar characters as regards spectrum 
to turacin, viz, the bands being very like HbO. It is however more 
nearly related to the metallic compounds which have been described 
by many observers, being less stable towards acids, It further shows 
the peculiarity that it is capable of reduction and reoxidation, and 
presents in the reduced state a single band in the position of reduced 
hemoglobin. I have not as yet had sufficient time to fully investigate 
this compound, but hope to do so at some future.date. It may be 
purified by taking advantage of the fact that in the reduced state = ds is 
readily soluble in acidulated ether. 
A very useful method for the preparation of hecokameilaaa for 
class demonstration is the following. Blood which has stood for two or 
three days in the cold is treated with one-third of its volume of strong 
hydrochloric acid. The resulting mass of hzmatoporphyrin and preci- 
pitated proteids is extracted with alcohol, when the acid spectrum is 
readily observable. This may be readily turned to the alkaline by the 
addition of a small quantity of ammonia, Or if preferred the alcoholic 
extract may be taken to dryness and the pigment taken up in dilute 
ammonia. 

This method presents the advantage over the ordinary sulphuric acid 
method in that the product is hematoporphyrin and not hematopor- 
phyrin anhydride, and the alkaline spectrum is as easily shown as the 
acid, a point of importance as it is the recognition of this one that is 
important pathologically. . 

Bilirubin will not form an iron compound on the lines laid down ° 
previously, but what I believe to be a copper compound is found by 
boiling with cuprammonium solution, as in the formation of turacin 
from hematoporphyrin, The solution changes to bright green on 
boiling, and to a blue-purple on making acid, passing from green to | 
purple and back again with ease, on making alkaline, or acid. 

It may be separated by extracting with chloroform, from acid 
solution. | 

. (4620 and absorption of violet 
Spectrum in acid solution 555 
(540 absorption of violet 


in acid CHCl, « } 
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— "Phis may be used as a test for bilirubin in the absence’ of reducing 
agents, 

In conclusion I'would take this opportunity of expressing my best 
thanks to Dr Hopkins for his kind advice and for his generosity in 
allowing me to use his stock of turacin without which part of this 
never have been written. 
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_ HEAT CONTRACTION IN NERVE, By T. GREGOR 
- BRODIE, F.RS. anv W. D. HALLIBURTON, 
Aa (Four Figures in Text.) _ 


(Trim the Physiological Laboratory, Kings College, 


In a recent research N. H. Alcock! showed that the effect of heating 
a nerve is to annul its electrical responsé to excitation, and that the 
temperature necessary ‘to abolish this ‘ sign of life’ varies in different 
classes of animals, The temperature of the extinction point in mammals - 
coincides closely with the coagulation temperature of ‘the lowest 
‘coagulating proteid contained in saline extracts of nervous tissues. 
The following table is an — of one given by Alcock. 


Mammal _Bird 


coagulating tem of proteid in nervous 
Extinction of the electrical response (Alcock) 40°C, 48°-49° 
Extinction of electrotonic current (Waller)® 40° 
Abolition of conductivity in nerve (Howell)‘ 41° | 
Loss of excitability of ganglion cells (Eve)* 46°—49° 


_Aleock further says ‘Iti is reasonable to conclude that the extinction 
of the irritability of the nerve is due to the coagulation of the proteids 
which enter into its composition, and I venture to forecast that when the | 
proteids of the frog’s nervous system are examined, one will be found to 
coagulate at 40° C., and that the proteids coagulating at 40° and 47° C, 
are absent from the nerves of the bird.’ 

The probability that this is the case.is increased when one considers 
the facts already known in relation to muscle, isc we may again 
conveniently place in a table: 


Pros. Roy, Soc. wxxt. p. 964, 1908. 

2 This Journal, xv. p. 90. 1903. 

* Proc. Roy. Soc, ux. p. 384. 

4 Howell, Budgett and Leonard, This Journal, XVI. p. 
5 Tbid. xxvi. p. 119. 1900. 
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Lowest 47° 0. 
muscle (Halliburton)? 
ditto (v. Fiirth)* 40°C. 47° 
First step in heat rigor of voluntary muscle (Brodie wa B5°-40° 47° 
Richardson) * 
Heat rigor in voluntary muscle begins (Ktihne)‘ 87°-40° 49° 58° 
Irritability destroyed in voluntary muscle (Brodie 8 35°-40°. 47° 
Richardson) 


If Alcock’s forecast is, as we hope to show, correct, we are furnished 
‘with an instance of the adaptation of the tissue proteids of various 
animals in relation to their normal body temperature, and “to the rise 
of temperature to which they may be safely subjected. The methods 
we have adopted are the two which have been mainly used in the 
investigation of muscle, namely first an examination of saline extracts 
by fractional heat coagulation, and secondly a study of the contraction 
that takes place in nerves when they are siecad | 


HEAT COAGULATION OF EXTRACTS OF NERVOUS. TISSUES. ’ 


One of us* has previously shown that three proteids can ‘be separated : 
from saline extracts of mammalian nervous tissues by. fractional heat 
coagulation. These are: 

1, Neuro-globulin a (coagulation point 47° C.), to paramyo- 
sinogen in muscle and to the cell globulin of most protoplasmic structures. 

2. A nucleo-proteid containing 0'5 per cent. of phosphorus (coagula- 
tion point 56°C). 

3. Neuro-globulin B (coagulation point 70°—75° C.). 

__. The interesting proteid i is the first on this list. The temperature at 
which it coagulates is given as 47°C. because it comes down at that 
temperature, when the water bath is heated at the usual fairly rapid 
rate. It is well known, however, that a proteid solution becomes 
opalescent some degrees below the temperature at which flocculi form ; 
‘but, as Hewlett* pointed out, opalescence and formation of flocculi are 
not .distinct phenomena, and if ‘the temperature is maintained long 
enough below the. point at which heat coagulation is usually stated to 
occur, not merely opalescence but the formation of flocculi will take place. 


1 This Journal, vm. p. 188. 1887. 

Ergebnisse d. Physiol. 1. Pt. 1, px 110. 1902. 
Philos. Transactions, oxci. B. p. 127. 1899. 

* Myolog. Untersuch. 1860. 

* Halliburton, This Journal, xv. p. 90. 1893. 
This Journal, xm. p. 494. 1892, 
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So it is with neuroglobulin. Mott and Halliburton’ in experiments 
on mammalian brain (cat and man) showed that a temperature as low 
as 42°C. will produce complete coagulation of this proteid provided the 
heating is continued for several hours. They advance the hypothesis 
that the physico-chemical cause of death from hyperpyrexia is due to 
coagulation of cell-globulin: the temperature sufficient: to coagulate the 
proteid with lowest coagulation point, as in the case of musele, destroys 
the vitality of the cell protoplasm, and changes in the nerve-cells can 
be demonstrated histologically by the methylene blue reaction. Looking 
ab the wide distribution of cell globulin, it is probable that most of 
the other body cells are affected by a high temperature in a correspond- 
ing manner. 

It is well known that the fatal temperature for cold-blooded animals 
is much below that which is necessary to kill a mammal; at the other 
extreme, birds have a normal temperature of 42° C., a temperature which 
would indicate high fever in a mammal. If therefore the hypothesis 
of Mott and Halliburton concerning the cause of death in hyperpyrexia 
is correct, it must be shown that the tissues of such an animal as the frog 
contain a proteid which coagulates at a lower temperature, and that the 
tissues of the bird contain proteids which do not coagulate until a higher 
temperature is reached. This has already been proved for muscle, and 
we will now show it is true also for their nervous tissues. 

We will take the experiments on the bird first. The brains and 
cords of pigeons were removed, ground up with powdered glass, and 
physiological saline solution, and filtered. The filtrate was subjected to 
the usual process adopted for determining heat coagulation temperatures. 
The fluid was alkaline and opalescent. Without the addition of any 
acid, the opalescence deepened about 50°C. and flocculi separated out 
slowly at 54°—55°C. If a trace of acetic acid was added, to lessen the 
alkalinity, the separation of flocculi occurred a degree or two lower; and 
if enough acid was added to render the fluid just acid to litmus, the 
floceuli separated out at 50°—51°C. On filtering this off, and heating 
the filtrate a second crop of flocculi came down at 58°—60°, and a third 
at 75°—77° 

The experiments on the frog’s brain were carried out in the same 
way, and the temperatures at which successive coagula separated out . 
were, 39°—40°, 47°, 59°—60°, and 72° C. 

The results of our heat coagulation experiments indicate that in © 


1 Mott’s Archives of Neurology, 1. p. 727. 1908. 
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thammals and birds there are three proteids in the nervous tissues, the 
coagulation temperatures of which are some. degrees higher in the bird. 
In the case of the frog there 1 vag as in muscle, an ae = which | 


at about 40°C, 
may contrast these together thus: 
proteid 2nd proteld 8rd proteid 4th proteid 
‘Frog 89°—-40°0, 47°C, ‘59°—60° 72° 
. Mammal. absent 47° 70°—75° 


In each case cesineeny increases & few degrees below the — 
tures stated. 


EXPERIMENTS ON HEAT RIGOR OF NERVE. 


It is to these we have devoted most of our attention, for we hold 
that the method gives absolutely trustworthy results, and we are thus 
furnished with a means of determining heat hee ermee temperatures ir in 
such minute test objects as nerves. 
In their experiments on the heat rigor of muscle, Brodie and 
Richardson thought it necessary to discuss the question whether heat 
contraction is a distinct process from the ordinary contraction of muscle ; 
in the case of a non-contractile tissue like nerve no such discussion need 
arise. Moreover, Brodie and Richardson showed that another non- 
contractile tissue, tendon, shortens when heated to a temperature just 
over 60°C It seems to be a general rule that in tissues in which the 
tissue-elements are arranged longitudinally, the coagulation of their 
proteid produces a contraction, whether this be produced by heat, or by 
the use of such reagents as potassium sulpho-cyanide*. The close corre- 
spondence between the results obtained in the successive steps in heat 
rigor, with the successive crops of coagula in saline extracts is most con- 
clusive evidence that one and the same cause underlies both phenomena. 

The shortening is very marked, the ultimate length of a frog’s nerve 
when heat contraction is finished is usually about half its original length 
and occasionally even less. A very small amount of resistance Shae: how- 
ever, prevent the nerve from shortening. 

We invariably obtained the best results with frogs’ nerves; we at 
first thought it probable that the larger amount of connective tissue in 
the nerves of mammals and birds prevented ‘the contraction due to 

? Hermann gives rather a higher temperature, 65° C | 


* Kiihne, Myolog. Unters, p. 130. This on muscle was confirmed by 
Brodie and Richardson. 
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‘HEAT CONTRACTION IN NERVE, 
the shortening of the nervous material from manifesting ' itself. so 


markedly. We therefore, in the case .of mammals and. birds, used 
nerves from young animals in which ‘the connective tissue element 1 is 
not so resistant. 


At first we-used the same e apparatus as that by Bodie 
and Richardson in their work on muscle, We were disappointed at 


obtaining no results at all with nerves. The sequel showed that this 


was only because the apparatus had too much resistance, against which 
the nerve had insufficient power to pull. We did, however, obtain 
shortening when we used a larger test object like the spinal cord; but 
even here sometimes, instead of obtaining the expected shortening, we 
got lengthening at the critical temperatures. Brodie and Richardson 
found the same thing sometimes when employing very slender muscles ; 
if the resistance was too great, lengthening instead of shortening occurred. 
In one of our early experiments on the spinal cord, we had placed 
a small weight on one of the levers so as to keep the cord taut; 
lengthening occurred at a certain temperature; we then removed the 
weight, and elongation was replaced by contraction; we replaced the 
weight, and once more lengthening took place. Such an observation 
showed us the necessity of lessening the weight of the apparatus. We 
tried to do without apparatus altogether, by fixing the cord at one 
end, and letting it lie by the side of a millimetre scale in a, bath of 
salt solution, which was gradually heated, The nerve did shorten, but 
as it did so, it curved and was swayed about so much by convection 
currents in the hot fluid that any exact measurements were rendered 
impracticable. We therefore returned to our apparatus, and step by 
step it was rendered simpler and lighter, until ultimately an apparatus 
was devised giving trustworthy results which we could record accu- 
rately. 

It consists of a trough containing mercury covered with physiological 
salt solution, The nerve is ligatured at each end, and metal hooks 
passed through it immediately within the ligatures: one hook is then 
attached to one end of the trough, and the nerve lies horizontally in the 


_ galt solution on the surface of the mercury; the hook at the other end 


rests against a vertical aluminium wire which is fixed to 4 horizontal axis 
on which a small mirror is cemented; this reflects a spot of light on to 
a screen ruled in centimetres and millimetres. The trough is placed in 


1 It ig sdvisable that this salt solution should have been previously boiled, ‘so as to 


avoid the occurrence of air bubbles in the subsequent heating; if air- ‘bubbles art the 
netve is swayed from side to side, and ite proper movements hindered. F 
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a water bath and warmed carefully ; as the nerve shortens, the lower 
end of the aluminium wire is pulled, the mirror rotated, and so 
the spot of light travels down the sereen. One observer at the end 
of each minute calls out the temperature, which is recorded by 
a sensitive thermometer placed in the mercurial trough; the other 
observer notes down the time, the temperature and the position of the 
spot of light on the screen. The magnification adopted was about 40, 
so that each centimetre of movement of the spot of light on the screen 
corresponds to about 0°25 millimetre of shortening in the nerve, 
We will take a few typical on 3 | 


Exp. 29. sciatic nerve. Tnitial length 180m, 


progress of the experiment. 
8.83 29° 0 8.56. 61° 
8.35 35 0 4.0 58 153 
8.36 36 0-4 cm. 4.2 66 15°3 
3.38 42 4.3 57 15°3 
8.45 48 1:8 4,4 16:3 
8.46 44 18 4.10 200 
8.47 46 1-8 411 61s 200 
48°2 2-9 4.12 62 21°9 
50°6 54 4.13 63 24-4 
8.54 50°6 14:0 Final length of nerve 9 mm. 


_ Fig. 1 shows the curve constructed from the observations. 


Fig. 1. Frog’s sciatic, Abscisse represent temperatures. Ondinates represent 
to centimetres of movement of the spot of light, 
The hrionil line atthe level 18 should have bown drawn at the level 20, 
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- We see that contraction began slowly at 36°C. The temperature 
was raised rather over 40° to hurry up the coagulation process, and the 
total amount of the first shortening was equal to 1°8cm. on the scale. 
This is a fairly average result with a short piece of nerve. The tempera- 
ture was then raised, but the length of the nerve remained constant until 


46° C. was reached, when it began slowly to shorten once more; the 


temperature was allowed to rise until it was just over 50° C. and in five 
minutes the spot of light moved down the screen to the graduation 14. 
The temperature was kept about this point for a few minutes longer, 
and the spot finally became stationary at 153 cm. This second 
contraction as usual was the most extensive. Then the temperature 
was raised again, and the third contraction began at 57° C. and the spot 
of light fell to 20cm. The connective tissue shortening ‘at 62°—63° 
accounted for a further movement of 4 cm.; this is rether much for 


a frog’s nerve ; it is seldom more than one or two centimetres. 


Our next example we also take from the frog. In this experiment 
we raised the temperature to 75°C. in order to determine whether the 
fourth proteid found in saline extracts to coagulate about that 
temperature could also be detected by the heat-contraction method. 
This is a perfectly feasible experiment. in a frog’s nerve, because the 
connective tissue contraction at 63°C., which is so prominent a feature 


a6 


Fig. 2, Frog's sciatic nerve, Ordinates and abscisse as in Fig.1. 
3 32—2 
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in mammalian and bird’s nerve, is insignificant in the frog. The peralt 
shows that it is quite possible to detect this proteid by this method. — 


‘Exp, 80. ‘Frog’s sciatic nerve, Initial length 27mm. Final length 17 mm. We 


rigor. 
1st step 18cm. 36° to 42°C. 
Qndstep 25°5 ,, 46° to 61°C. 
Srdstep 12 ,, 56° to 60°C. 
4th step 16 ,, 68° to 65° CO. (connective tissue). 


5th step 10% ,, 70° to 75° C. (corresponding to fourth proteid). ; 
Total excursion 400 ,, corresponding to total shortening inthe nerve of 10mm. 


This result is represented graphically in Fig. 2. 

One more example from the frog will suffice. ‘We aah ‘this 
because in it we got the largest movements we ever Shasitciad the 
nerve was a large and long one. : 


‘Exp. 21. Frog’s sciatic nerve. Initial length $4 mm. ‘The exoursions of the spot 


5th step not investigated. 
Total excursion. 60 cm. corresponding to a total shortening in the nerve of 
- 15mm. Final length of nerve 19 mm. 


Experiments on the frog’s spinal cord gave contractions at tempera- 
tures exactly corresponding to those obtained with the nerves. 

If the numbers given, or the curves constructed from them are 
examined, it will be seen that each contraction begins slowly, then 
becomes vigorous, and finally slows down again. The small amount of 


contraction at first doubtless corresponds to what in an experiment on 


the heat coagulation of a proteid solution would be termed the stage of 
opalescence. Thus the first step which is vigorous at 40°C. really 
begins at 35° to 36°C. Exactly the same is seen in frogs’ muscles, the 
proteid of which the coagulation point is given as 40°C. really begins — 
to coagulate, and the muscle consequently — to shorten, a few 
degrees lower. 

Frogs’ nerve when it has undergone heat rigor becomes extremely 
brittle, and crumbles in the fingers when one handles it. 

We will now take two illustrative experiments from the mammal ; 
one result we will give in the form of a table, the other as a curve. we 
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25° 50° 58 

3.86 36. 51 15 

8.56 40 0 4.18 50°4 8-2 
0-2 53 8-2 
(8.58 44 10 4.16 54 8°83 

3.59 46 20 “4.17 56°4 110. 

4.0 35 4,18 57-4 15-0 

4.8 50 46 : 


Beyond this point no farther shortening occurred, until the temperature was raised 
to 63°, when a very extensive shortening, which we ascribe to connective tissue, brought 


down the spot of light another 20cm. Beyond this point, as already explained, we con- 
sidered it useless to continue the experiment. 


We see from this experiment what was invariably the case in all 
experiments on mammalian nerve (rabbit and cat), that the first 
contraction occurs energetically at 47°—50°C., and the second at 
56°—58°: in each case there is a small amount of preliminary shortening 
below these temperatures corresponding to the stage of opalescence 
which is seen when a saline extract is heated. The correspondence of 
the steps in the shortening to the coagulation temperatures of the 
proteids in a ating extract is also as obvious as it is in. the case 
of the frog. 

In contrast to a frog's nerve, after heat rigor is over, the total 
shortening is less, and the nerve instead of being friable is tough and 
elastic. 

Precisely were obtained with pieces of spinal 
cord. 

The other experiment (Exp. 27), ‘she result of which we reproduce in 
the form of a curve (Fig. 3), was performed with the rabbit's splanchnic 


nerve; the phenomena are exactly the same as in the medullated 


nerves of the same-animal. 

After heat rigor was 8 finished, the nerve was again Sand to be swagh 
and elastic. 

We -now pass to our results on the bird’s 8s) nerves. 


Here the actual extent of the movement was even less, and it was only 
by taking the nerves of quite young animals that we were successful in 


getting any results at all. We will therefore select as our illustrative 


_ experiment one performed with the spinal cord, where the extent of the. 


movement is greater. Our results with the nerves so far as regards the 
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‘temperature of the successive steps were, however, precisely the same. 
After heat rigor they are tough and elastic like mammalian nerves. 


35 40 4s $0 55 60 68 
Fig. 8. Rabbit’s splanchnic, The temperatures are marked on the abscissa line; the 


position of the spot of light on the ordinate, each division on which, corresponding 
to 1 cm. on the screen, is drawn on a larger scale than in Figs. 1 and 2. 


Exp. 26, Cervical enlargement of spinal cord of young pigeon, freed from membranes. 


Time Spotat bee 
8,13 20. 0 8.44 53°4 
446 8.48 556 55 
3.24 47 0°5 8.57 57°2 71 
8.25 15 8.58 59°6 78 
8,31 49°6 8.59. 78 
8.41 63-0 9°6 


The amount of movement is seen to be small when compared to 
frogs’ nerves. The first step begins between 46° and 47°C. The 
movement becomes more energetic a few degrees higher, and after 
keeping the temperature just aboye 53° for some time the spot has 
moved down 51cm. It then remains stationary until the temperature 
reaches nearly 56°C. when it begins slowly to move again; as the 
temperature rises it moves more rapidly, especially about 59°—60° C. 
The total movement corresponding to the second shortening is not so 
great as the first. The final step at 63°—64° is the usual connective 
tissue contraction. This result is more clearly seen when plotted out as _ 
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We can now contrast together our results on the heat coagulation of 
extracts, with those on the heat-contraction of nerve and spinal cord. 


' | Fig. 4. Pigeon’s spinal cord. The scale is the same as in Fig. 3. 

In the following table, the first temperature mentioned is that at 

which opalescence deepens in the extracts, the second that at which 

floceuli form rapidly. In some cases, especially of those’ proteids 

which come down at the higher temperatures, it is not always easy to 

differentiate between the two stages. 


lst proteid 2nd proteid 8rd proteid 4th proteid 
Frog 35°—40° 44°47° 0! 57°—60°C. 70°—72° ©, 
Mammal 44°47° 56°—58° 70°—75° 


In the next table, the first temperature mentioned in each case is 
that‘ at which contraction begins slowly (corresponding to the stage 
: | of opalescence); the second is that at which contraction becomes rapid — 
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"Heat contraction of nerce and spinal cord. 


tissue) to 4th 
Frog 85°—41°C,  46°—49°O.  66°—60°C.  62°—68°C. 70°—T75°C. 
Bird. 47°—58° 56°—60° 63°—64° 


From the biological point of view, the first proteid is evidently the 
most interesting, for the death temperature of the nerve as determined 
in Aleock’s work is the temperature at which this proteid coagulates. 
Alcock’s figures may be contrasted with ours in the following way :— 


conglton pan of 


Extinction of the Opalescence Flocculi form 
electrical response or initiation or contraction 
in nerve (Alcock) of contraction becomes marked 
Frog 40°C, 85°C... 39°—40° 
Mammal 49°49° 43°—44° 47°—49° 
Bird 58° 47°—48° 53° 


The figures in the first and third columns are almost identical. 
The consideration of the figures in the second column leads us to 
suggest that if the nerves had been kept in Alcock’s experiments for a 

prolonged period at the temperatures a few degrees below those he 
names, he would have found that their electrical response was abolished 
at what we have termed the temperature of opalescence. As already 
urged (p. 474) opalescence and flocculi formation differ only in degree. 
Brodie and Richardson found in their work on muscle that the first 
contraction which is energetic at 40°C. can be brought to a conclusion 
at 35°, provided sufficient time is allowed to elapse; and the work of 

Mott and Halliburton (p. 475) points in the same direction. 
The marked difference in the amount of contraction during heat 
rigor in the nerves of frogs and warm-blooded animals, and which we at 
first attributed to the difference in the amount of connective tissue 
investment, has led us to make microscopic perparations of the nerves 
in the three classes of animals, There certainly is a somewhat thicker 
sheath in the ‘sciatic nerves of pigeons and rabbits than in that of the 
frog, and the amount of endoneurium is least in the last-named animal. 
We feel a little uncertain whether this is sufficient to explain the great 
differences seen in heat rigor; it is quite possible that the nerve-fibres 
in the frog are less highly differentiated protoplasmic threads than 
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those of mammals and birds, and so more responsive to the action of 
agencies like heat which cause them to contract. It seems more 
probable that differences in the sheaths of the nerve fibres may account 
for their varying behaviour under the influence of heat. The difference 
in their physical conditions (friable in the frog, tough and elastic in the 
bird and mammal) is certainly very. striking. That this difference 
cannot be accounted for by the presence in greater or less amount of 
connective tissue is clear from the fact that tendon after heating to 63° 
is as friable as frog’s nerve; moreover frog’s nerve when heated to a 
temperature which does not affect the connective tissue (50° C.) has 
already reached the friable stage. 


Up to this point, in the frequent comparisons we have instituted between nerve and 
muscle, we have referred only to the work of Brodie and Richardson on the latter 
tissue. References to the work of earlier investigators will be found in their paper. Since 
its publication, several other workers have pursued similar researches, and the most 
extensive have been carried out by Vernon!. He made observations on a large number 
of animals vertebrate and invertebrate, and included cardiac and other forms of involun- 
tary muscle among those he worked with; his main conclusions confirm those of Brodie 
and Richardson. Ina number of instances muscle showed, in addition to the contrac- 
tions due to its principal proteids, a separate heat contraction at about 62°C. This is 
attributed to Halliburton’s myoglobulin®, the existence of which v. Fiirth denies. It 
has occurred to us that this may be really due to connective tissue shortening, and that 
myoglobulin, which is present in quite small amounts in muscle extracts, is possibly 
. derived from the investing connective tissue of muscle. | 


HEAT CONTRACTION OF KEPT NERVES..: 

When we were demonstrating one of our experiments on the heat 
contraction of nerve at a recent meeting of the Physiological Society, 
Mr G. T. Burch suggested we should try whether the phenomena 
were the same in nerves that had been kept 24 honrs in normal salt 
solution, as with nerves freshly removed from an animal, 

We regarded this suggestion as a valuable one, for, if any difference 
between kept and fresh nerves were found, a chemical foundation is 
provided for their different electrical behaviour. - 

It is further of importance in view of the comparison between nerve 


and muscle. Muscle when kept undergoes the change known as. rigor 
mortis. In heat contraction of pepe muscle, the most marked os 


This Journal, xxtv. p. 239. 1899. 
Vernon. loc. cit, p. 275. 
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lowest: temperature; this one of us (T.G.B.) found in voluntary muscle 
some years ago, though the observation was never published. In a 
recent paper Simin’ shows the same is true for the heart muscle in 
rigor. 

vit therefore any corresponding change can be demonstrated in’ the 
heat contraction of kept nerve, we have a ot that some change 
analogous to rigor mortis occurs in it. 

_ These expectations, however, have been largely disappointed : there 
is a slight difference between the fresh nerve and the corresponding nerve 
of the same animal which has been kept for 24 hours in normal salt 
solution. There is also a lowering by a degree or two of the commence- 
ment of the contractions that occur latest; this is explicable on the 
assumption of the development of acid in the nerve. The following 
table gives the results of a typical experiment in a frog. The two 
pieces of nerve taken were not quite the same length; so in order to 
make the comparison more accurate, we have reduced the results 
(expressed in centimetres of movement of the spot of ner) * to the 
amount of shortening per centimetre of nerve. 


of 

Ist | B6°—41° C. 048 
2nd yy 47°—51° 
56°—59° 0°55 
4th (connective tissue) 62°—64° 0°44 
69°—72° | 6°11 

__ Nerve of same frog kept for 24 hours in salt solution at 30°. 

Ist contraction _ 055 

| 62°—63° 118 


The differences are most in the and the last 
contractions, but are not of sufficient magnitude to warrant us drawing 
any definite conclusion as to their meaning. 

If, on the other hand, the nerve instead of being kept i in salt solution 

is kept in the body of the frog at the same temperature (30°C.), we 


found a very considerable difference. An Bieatsonvs experiment is 
given below. 


Centralbl. f. Physiol. p. 90. 
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HEAT CONTRACTION IN NERVE. 
‘Bxp. 28. One sciatic nerve was kept in salt solution for 27 hours; the other was not 


dissected out from the leg of the frog until the experiment was performed. The length of 
each taken was 18 mm,, so the amount of actual movement of the spot of light may be 


Movement of spot of light for each contraction 


27 hours 
Ist contraction — 1°8 om. 69 
wa. 187 ,, 159 
8rd 4°7 ” 20 
4th  ,, (connective tissue) 4°4 ,, 12 
5th ae Not determined 


An obvious difference is seen in the amount of the first two 
contractions; the sum of the two contractions is however in each case 
very nearly the same, 153 in one case, 15°9 in the other. We believe 
the explanation of this to be a simple one. The nerve kept in salt 
solution still behaves like a normal nerve. But the nerve kept in the 
leg, which had begun to putrefy during its day’s stay in the warm 
chamber at 30°C., had been in contact with the acid and other 
products formed in the surrounding muscles, and was no doubt 
permeated with these substances. The consequence was that the 


coagulation temperature of the second proteid was considerably lowered, . 


so that part of it came down much below the usual — and 80 
was reckoned as part of the first proteid. 

The difference in the small amount of contraction produced by the 
third proteid and connective tissue is not greater than is often observed 
in fresh nerves of the same = 


Arpuicatiox OF THE METHODS OF HEAT CONTRACTION 
TO OTHER TISSUES. 


The method of ascertaining the heat coagulation of proteids i in tissues, 
by the steps produced in their shortening when heated, can be applied to. 


tissues other than those mentioned. We have made some experiments on 
strips of liver. Here the histological elements are not arranged longi- 

tudinally as in muscle, nerve, and tendon, and so the effect is not so 
marked; the contraction is a cubical one, and we of course only 
recorded the movement in one direction. The results are nevertheless 
unmistakeable. With rabbit’s liver, the two first shortenings, which 
were the only ones investigated, take place at 47° and 56°—57°C. 

‘respectively. These coincide with those of the two. fires, 
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proteids in a saline extract of mammalian liver’. It was of interest to 
compare a frog’s liver with this in order to see whether it contains, like 
nerve and muscle, a proteid with lower coagulation temperature. We 
found that this is the case, and the steps in the heat shortening occurred 
respectively at 35°—40°, 46°—50°, 57°—60°, 62°—63° (attributable here 
again to connective tissue), and finally 69° to 72°C. The liver thus falls 
into line with the other tissues of a cold-blooded animal. 

It is remarkable that varieties of protoplasm so widely different in 
their function as nerve cells, and liver cells, should nevertheless, so far 
as their constituent proteids are concerned, be so closely alike. 

Muscle differs from both in the absence of the proteid coagulating 
at the highest temperature, or if present it is so in mere traces. The 
coagulation points of the lower proteids are, however, very similar 
throughout. 

It occurred to us to investigate what takes place when a ie is 
heated in our apparatus. The shrinkage of woollen garments, especially 

if hot water is used in washing them, is familiar to everybody. 
| Hair remains constant in length until the temperature reaches 
58°—60° ; it then rapidly shortens, and goes on shortening as long as 
the temperature continues to rise. If, however, the temperature be kept 
constant at any temperature above this in a very short time the 
shortening ceases, but will at once recommence on raising the tempera- 
ture still further. . 

With a piece of human hair 33 mm. long, by the time the 
temperature had risen to 75°, the spot of light had descended 24 cm. in 
the scale.: We at first thought hair might behave like elastic tissue, 
_ which Gotschlich* showed shortens on heating and lengthens on 
cooling for all temperatures up to 65°C. There is however no 
lengthening on cooling a hair; it still remains contracted. On heating 
it up again, immediately the temperature reaches 58° C., it shows the 
same phenomenon again, shortening as long as the temperature 
‘ continues to rise. This may be repeated over and over again; the last 
contractions are not quite so vigorous as the first two or three, but there 
is no marked loss of its power to shorten whenever it is subjected to the 
same process. We shall not attempt to explain how this curious result 
is brought about ; but the observation to us that we 


2 Pfiiger’s Archiv, uv. p. 109. 1893. 
* Between 65° and 75° 0. whieh dee 
cooling. 
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a similar experiment on nerve. Here after contraction on warming 


there is no lengthening on cooling ; ; but on heating once more there is 


no further shortening at. the various critical temperatures, provided the 
nerve had been previously kept there long enough to cause epee 
coagulation. of the proteids at those temperatures. 


CONCLUSIONS. 


1. When a nerve is heated, it Microbe very considenbiy; this is is 


the case with -frog’s nerves. . 
2. The same is true for the spinal cord. © 


3. This shortening, as in muscle, takes place i in @ series of steps, 
_ and the temperatures at which these successive contractions occur 
coincide with the ‘coagulation temperatures of the proteids contained i in 
saline extracts of nervous tissues (see tables p. 484). 


4. In order to obtain these results it is essential that the apparatus : 


employed should offer very slight resistance to the pull of the nerve. _ 

5. Special interest attaches to the first step in the contraction. In 
the frog this occurs at 39°—40°, in the mammal 47°49", and in the 
bird 50°—53°. 

6. A-small amount of slow contraction occurs a few Seana below 
those just mentioned. ‘his corresponds to the stage of opalescence when 
a proteid solution is gradually heated. | 

7. The temperatures of the first contraction in nerve or spinal cord 
correspond closely with those in muscle. 

8. They further coincide with those in liver, the method being 
applicable to tissues like the liver, where the histological elements show 
no longitudinal arrangement. 

9. The death temperature of muscle is that at which the first 
proteid coagulates. The same is true for nervous tissues. Conduction 
and electrical response are abolished then (see tables p. 484). 

10. These facts indicate a biological adaptation of the tissue 
proteids of animals in relation to their normal temperatures, and to the 
rise of temperature to which they may be safely subjected. 


Aug. 1, 1904. 
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“Note added Oct. 6, 1904. After the foregoing paper had been 
completed our attention was called by Professor Max Cremer, at the 
International Physiological Congress at Brussels, to a paper by Harless' 
published nearly half century ago. This paper which deals with frog’s 
nerves only, describes the influence of varying temperatures on their 
histological structure, excitability, conductivity, and physical properties. 
Several of our conclusions are after all but a confirmation of his. Among 
the effects of high temperature, he describes the shortening as occurring in 
a series of steps, and also notices the friable condition of the nerve after 
it has been heated above 50°C. He also shows that if the nerve is 
weighted, the extensibility increases at these critical temperatures. The 
temperatures he gives for the disappearance of excitability and for the 
successive steps in contraction coincide closely with ours, the only. 
difference being that they are somewhat higher than those we describe. 
As an explanation of this difference we would point out that his method 
was to heat the nerve in a moist air space, whereas in our experiments 
the nerves have been immersed in fluid. We have found a similar 
difference in this respect holds with muscles. 


1 E, Harless. Zeits. f. rat. Med., Ser. m., Bd. vit., pp. 122—184. 1860. 
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_ THE OXYGEN EXCHANGE OF THE PANCREAS. 
Jz BARCROFT E. H. STARLING. 


the Physiological of University College, 
London and Cambridge Unwersity.) 


TuE interest of the investigations, about to be recounted, on the oxygen 
metabolism of the pancreas centres about two facts ; firstly the stimulus 
used is a chemical stimulus—secretin, secondly “there is no direct 


relationship between the rate of secretion of pancreatic juice and the _ | 


extent of the blood supply.” The observed vascular changes are 
probably due to the experimental conditions under which our researches 
were conducted (the presence of depressor substance in our secretin 
extracts*, etc.). 

We must not be understood to contend that a decreased blood 
supply ever normally goes hand in hand with pancreatic secretion, or 
to quarrel with the deduction of O. May® who contends that the dilation 
of the gland which he observes on its 0 ai anak tracings is due to 
dilation of the vessels. . 

Our point is that in experimental conditions local effects may be 
overruled by general effects. In muscle, Ludwig and Sczelkow‘ and | 
later Chauveau and Kaufmann and Hill and Nabarro dealt with 
tissues which Were at once in a state of excitation and active hyperemia. 
In the salivary glands one of us, and later Moussu and Tissot*, worked — 
under similar conditions. There has therefore been always a doubt as to 
the relative parts played by activity and hypersmia in the increased 
metabolism observed. This doubt has been combated with regard to 
muscle by Ludwig and Schmidt, who perfused their muscles with 
results which cannot be regarded as wholly beyond criticism’, and in the 


10. May. This Journal, xxx. p. 413. 1904, 
Bayliss and Starling. This Journal, xxvm. p. 325. 
3 This Journal, xxx. p. 418. 1S 

4 Schifer’s Text Book, 1. p. 764. 

5 Comptes rend. Acad. d. sc., Paris, 1904. 

Gamgee. Text Book, 1. p. 876. 
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case of the submaxillary by comparing the phenomena of the active 
with those of the atropinised gland. In the experiments, which we shall 
recount below, we have found that on injection of secretin into the 
general circulation the blood-flow through the active pancreas is some- 
times faster and sometimes siower than through the resting organ, — 
on occasions its rate is not appreciably altered. 

An experiment which we performed on February 5, 19083 may serve 
as a sample of the whole series. The dog was anwsthetised with 
morphia and subsequently with a.c.E, mixture. sacar was 
performed and the abdomen was opened. - 

The vein leading from the tail of the pancreas (which scale to 
about one-sixth of the whole organ) was dissected out and ligatures 
were so placed that a cannula might be rapidly inserted into the vein at 
a later stage of the operation. A cannula was put into the pancreatic 
duct and the abdomen was closed up. The blood-pressure was taken 
from the carotid artery. Cannulse were placed in the femoral artery 
and jugular vein: the former for the abstraction of samples of arterial 
blood, the latter in order to return whipped blood into the dog. 

It is necessary at this point to render the dog’s blood non-coagulable. 
In a few of our earlier experiments we used leech extract for this 
purpose, but we soon adopted the method of defibrinating the animal. 
Before the beginning of the defibrination the dog was placed in a bath 
of warm salt solution where it remained for the rest of the experiment. 
When the blood was sufficiently free from fibrin the cannula was placed 
in the vein leading from the pancreas.. The blood which flowed from 


this cannula, other than that which was used for cunlysis, 9 was collected 


and injected into the jugular vein. 

The gases in this experiment were determined by the chemical 
method described by Barcroft and Haldane*. For the collection of the 
blood an ordinary 1 c.c. pipette graduated in tbs of a cubic centimetre 
was used as described in their paper*. 

Before the period of observation commenced as many blood-gas 
bottles were prepared as we expected to require—a fresh bottle for each 
sample. These bottles were of known volume and their identity was 
recognised by numbers engraved on them (B1, B2, etc.), Into each 
was put 1°5 cc. of ammonia solution and the bottles were kept closed 
to prevent the ammonia absorbing CO, from the air. 

Three samples of blood referred to as A, B, and ( in the following 


This Journal, xxvmt, p. 234, 2 p. 294. 
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table were taken in rapid succession, A and C from the pancreas vein, B 
from the femoral artery. These were put at once into their respective 
bottles; The injection of secretin was then made and when the flow of 
pancreatic juice was well established and the blood-pressure restored, 
three more samples of blood D, F and F were taken in rapid succession, 
D and F from the pancreatic vein and Z from the femoral artery. ‘ The 
~ rate of flow of pancreatic juice was also noted. It was not sufficient to 
appreciably alter the concentration of the blood as is the case when the 
submaxillary glands are actively secreting. 

The following table gives the observations which were made on these 
samples: : 


Volume of Absorption of 
Sample Bottle —_ bottle for 0, of H,O lec, of blood Og per minute 
A B, 828c.c. mm. 
B B, 97 
Cc B, 887 80 12 
D 845 82 9 
F By 822 81 1l B34 


Correction for temperature, pressure and aqueous vapour= x ‘984, 


The method of calculating the “ oxygen output per minute,” taking 
the first venous and — samples given above (A and B) as — 
is as follows : 


(i) ‘The volume of the bottle for oxygen.” — 
attached tubing, less the volume of the fluids it contains) = 32°3 c.c. | 

(ii) The pressure of the oxygen liberated=83 mm. of water. 

(iii) The in of water = 10840. 

(iv) The volume of blood taken=1 c.c. 


x 83 
10840 x1 


tha cf blood 4, was 15 seconds. 


t=" ‘12.0.0. 


x ‘9384 = c.c. 


To the ee of the above experiment (that of Feb. 5), we add 
the results of three others, in all of which there was a good flow of 
pancreatic juice on the injection of secretin. 

PH. XXXI. 33 
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Jan. 8 +4900.  Tsecs. Secs. good 
-60 8°50 
Jan. 21 25 “51 20 good 
Feb. 5 12 28 15 9 21e,c. in 8’ 
March 18 “08 88 27 17. 9 0.0. in 5’ 
Total 1°71 7°36 118 126 


The oxygen absorption per minute is in every case very much greater 
in the active than in the resting gland, while the rate of blood-flow is 
sometimes greater and sometimes less. 

It will be noticed that no allowance has been made for the concen- 
tration of the blood passing through the secreting gland. No such 
correction is necessary in the pancreas. For supposing, as in the case 
of the submaxillary gland, the concentration is approximately equal to 
the volume of the secretion, the correction for it would work out as 
follows in the experiment of Feb. 5. One cubic centimetre of blood 
flowed through the tail of the gland (about 3 of the whole) in nine seconds. 
The approximate blood flow from the gland is therefore 20 c.c. per 
minute. But the gland secreted 2:1 c.c. in 8 minutes and therefore 
‘26 c.c. per minute. In other words 20°26 c.c. of blood was concentrated 
to 20 c.c.—a change of about 1 °/,. 

A second series 4 experiments was performed with the euonietal 
pump. 

The blood was eéllected directly from the vessels of the defibrinated 

‘dog into tubes of known volume, of the form already described by one — 
of us. for the estimation of the carbonic acid in saliva, The receivers 
and tubes were larger in size than those figured, the latter being about - 
10 c.c. in capacity, the former 250c.c. Care was taken that the calibre 
of the tubes and their taps was sufficient to avoid venous congestion in 
the pancreas. . 

These experiments were sila at University College and the 
tubes were sent down to Cambridge by train for analysis. Two hours 
or more elapsed therefore from the time when the samples were with- 
drawn from the dog till the analyses were made. 


This Journal, p, 86, 1901-2. 
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We have therefore investigated the effect of time upon the oxygen in 
the blood and we find that both the arterial, and the venous defibrinated 
blood from the pancreas, contain as much oxygen after standing some 
hours at the temperature of the laboratory as they do while still warm. 

Feb. 27. Blood drawn under oil (1) from the femoral artery, (2) from the pancreatic 


vein (the anastomoses with the intestine were tied). The dog was defibrinated. The 
analyses were made with the pump. 


(2) 11.80a.m. at 4.80p.m. 
Arterial 19°8 19°65 
Venous 10°38 10°9 
Volumes of 0, for every hundred of blood. — 


The results of the series of experiments performed with the pump 
may be stated as follows : | 
(1) Oct. 12, Morphia, A.0.E., Dog defibrinated. 
11.55a.m, Samples I (arterial) and IT 


12.0. 5 secretin injected. 
12.8. secretin, 1 of juice. 
12,15. Samples III (arterial) and IV (venous active) were collected. 
Analyses of samples : ‘ 
I Il Il IV 
Oxygen 260cc. 125cc. 285c0c. 1656.6, 
Volume of blood 9°76 106 10°45 
Time of collection 130” 
The absorption of oxygen per minute by the resting gland is 
9°76 60 
(260% 77-125) *40 
The absorption of oxygen per minute by the active gland is 
10°45 
(2°86 x 108) x 


This again shews an increased oxidation accompanying secretion, 
A similar experiment performed on December 21 gave a similar 
result, namely an absorption of ‘23 c.c. per minute in the resting gland 


and ‘81 ac. per minute in the active gland. In this case, however, 


the blood flow was markedly slower in the active than in the resting 
gland. 

We have obtained one experiment in which the oxygen consumption 
was approximately the same in rest and in activity. In this case the 
blood flow was very much reduced indeed. The times of collection were, 
for 9°9 c.c. of venous blood from the resting gland 100 seconds, and for 
10°8 from the active gland 160 seconds. The oxygen absorptions were 
‘29 and ‘32 c.c. per minute respectively. 
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- There remains one point of interest, viz. :—to compare the oxidation 
taking place in the resting pancreas with that of other organs. The mean 
of eight determinations by the chemical method gives ‘25 c.c. per minute 
for one-sixth of the gland. The three experiments with the pump cited 
above give °40, ‘21, ‘29 c.c. per minute respectively, giving an average of 
‘30 cc, per minute, The mean of all the experiments would then be 
‘26 c.c. for one-sixth of the pancreas, or in round numbers 1°5 cc. of 
oxygen per minute for the whole organ, the weight of which in our 
experiments may be taken as 30 grammes. These figures give the 
oxidation per gramme per minute as ‘05 cc. The oxidation in the 
resting pancreas is therefore about the same as in the submaxillary 


CoNoLUBIONS. 


1, Pancreatic secretion is accompanied by an increased oxygen 
absorption from the blood by the pancreas. This is _— both by the 
chemical method and the pump. 

2. This increased oxidation takes place irrespective of increased 
blood flow through the organ. 

3 The normal oxidation of the pancreas is pack greater than that 
of the body generally and about the same as that of the submaxillary 
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ON THE ANTITRYPTIC ACTION OF NORMAL SERUM. 
By E. P. CATHCART, Research Student in Pathological 
Chemistry, Lister Institute, London. 


THE power that normal serum possesses of hindering or preventing 
the action of trypsin was, so far as I have been able to find, first definitely 
noticed by Hahn”, though it was pointed out almost contemporaneously 
by Pugliese and Coggi®. Several years earlier however Fermi and 
Pernossi® had noticed that trypsin rapidly disappeared after in- 
jection into the animal body, and that it was destroyed by contact with 
the tissues in vitro. Since then the question has been investigated 
by Achalme®, Camus and Gley®, Charrin and Levaditi®, 
Simnitzki”, and Delezennne®, but in rather a cursory fashion. 
In two papers of recent origin by Landsteiner™ and Glaessner™ 
attempts were made to isolate that fraction of the serum to which the 
antibody is attached. ‘The results obtained by these two ——— 
did not however agree. 

Landsteiner concluded that the anti-action was intimately con- 
nected with the albumin fraction, ie. the fraction coming down be- 


_ tween half and full saturation of the serum with ammonium sulphate. 


Glaessner, on the other hand, came to the conclusion that it was 
associated with the euglobulin, «.e. the fraction precipitated by } satura- 
tion with am. sulph. Both observers used _— s tubes as the means 
of gauging the degree of digestion. | 

Methods. The method of fractionating the serum which I employed 
was essentially that described by Freund and Joachim™. The 
serum was obtained from various species of animals, but usually from 
the ox. The blood was allowed to stand in a cool place over night, the 
serum which had separated was pipetted off and freed by means of the 
centrifuge from corpuscles. A measured quantity of this serum was 
diluted with two or tliree times its volume of distilled water, and cold 
saturated solution of ammonium sulphate added up to 4 saturation. 
After the removal of the euglobulin by filtration the concentration of 
the filtrate was brought up to } saturation by the further addition 
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of ammonium sulphate solution. The pseudoglobulin was filtered off 
and the filtrate fully saturated by the addition of the requisite amount 
of solid dry ammonium sulphate, which threw down the albumin 
fraction. Both the euglobulin and pseudoglobulin were purified by 
several reprecipitations. The final precipitates of all three fractions 
were dissolved or suspended in as little water as possible and transferred 
to parchment dialysers, and dialysed against running water, in some 
instances against distilled water, to remove the ammonium sulphate. 
The contents of the dialysers were then brought up to the original 
volume of the serum employed, either by means of distilled water or by 
0°25 °/, sodium carbonate solution. 

- The trypsin solutions were obtained by digestions of ox or other 
panereases. The digestion was carried on until practically no biuret 
reaction was given, the fluid was then dialysed to get rid of most of 
the crystalline products, so that the N. figure of this solution might be 
as low as possible. = 

In the majority of cases, particularly during my earlier experiments, 
the substance used as material for digestion was coagulated blood serum. 
In order to get accurate amounts of this, the fluid serum was pipetted 
off in the required amount into suitable digestion bottles, which were 
then placed for half-an-hour in a water-bath heated to boiling point. The 
resulting coagulum was next cut up, still of course in the bottle, into 
cubes of as near one size as possible. In the later series, however, the 
material employed was a 3}°/, solution of caseinogen in 0°25 °/, sod. carb. 
solution. This formed a very suitable medium, especially for quanti- 
tative work, as it shows very small differences in the degree of digestion. 

The mode of analysis employed was that used by Hedin in his 
work on the spleen enzymes, viz. precipitation by means of a solution 
of tannic acid’, and the estimation of the N. in the filtrate was made 
by Kjeldahl’s method. In the following tables of results the figures 


given are the number of co. of 75 H,8Q, required to neutralise the 
ammonia distilled over. The tannic acid solution was chosen as being 
the easiest to use. It precipitates all substances higher than peptones, 


1 Tannic acid solution: 


Sodium acetate ......... 2 
Sodium chloride ......... 5, 
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ANTITRYPTIO ACTION OF SERUM. 


and to my mind — ee 
use ef Mett’s tubes. 


That there exists such a body as antitrypsin the files as Table I) 
show. Not only do.they demonstrate the fact that serum itself possesses 
this anti-action, but they go further and support Landsteiner as 
against Glaessner in his contention that the anti-action is in connection 
with the so-called albumin fraction. In this series for purposes of com- 


parison I have demonstrated, (1) the use of boiled fractions (4 hour at 


100°), and (2) the results of using boiled trypsin solution (} hour at 
100°). In the latter case it may be noted as a matter of some interest, 
that the euglobulin fraction shows a little more digestion than either of 


_ the other two. This may be taken as demonstrating the presence of 


the proteolytic enzyme found by Hedin™ in the blood of the ox and 
attached to the euglobulin fraction. It may be also worthy of note 
that in a number of instances one finds that the pseudoglobulin fraction 
possesses some slight antitryptic action, which is probably to be 
attributed to the fraction not having been completely freed from 
albumin. 


Taste J. Tamnic Acid". 5..c. of filtrate 


Sor analysis. 
A. Control,  (Pptd. immediately.) 

5 ¢,¢, Serum + Euglobulin sol, + 66.0. 0°4 

” ” »  Pseudoglob. ,, ” 04 ,, 

” ” ” Serum ” ” 0°6 ,, 

Digest. 4 days at 387°. 
50.0, Coag. Serum + 50.0, Euglobulin sol. + 

” Pseudoglob. ,, ” 69 ,, 
” » Albumin ” 
” ” ” Serum ” | 

Coag. Serum + Buglobulin sol. boiled + 719 0.0. 

” ” Pseudoglob. ” ” 73 4, 

” ” | » Albumin ” ” 72, 

D. Coag. Serum + 6.0, Buglobulin sol. + 65e0.boiled 

99 ” Pseudoglob. ” 05 ,, 

” ” Albumin ” 0°35,, 


Of course all digests of In all 
‘series given in this research 10 ¢.c. was the amount of tannic acid solution used. 
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_<' ([his anti-action is quite as pronounced when solutions of caseinogen 
or boiled antibody solutions are used in place of the' coagulated serum 
(see Table II). I also tried coagulated egg albumen, but this digested 
too slowly owing to the marked antitryptic action, as Vernon™ 
recently pointed out, which this proteid possesses. 


Taste Il. “Precipitate with Tannic Acid. 10 cc. of filtrate for analysis. 


| After 20 
Before hours’ 
0°25 %, 
A. 5c.c. Serum Albumin 10c.c. 34%, Casein sol. 500, —— O8cc. 20c.c. 
B. Serum Albumin 10c.c, boiled Serum Alb. —— 056 04 
©. 5c.c. Serum Albumin 5 0°25 0°35 


The objection might be raised that the above anti-action is more 
apparent than real, and that digestion actually occurred but did not goso 
far as to be detected by the tannic acid method of precipitation which 
was employed. That such was not the case was shown by a series of 
experiments where visual examination was the mode employed for 
observing the degree of digestion. 

A variation (see Table IIT) of this experiment was made where cubes 
of egg albumen, of approximately equal size, were stained as homo- 
geneously as possible with carmine. After the excess of the stain had 
been removed by thorough washing, weighed amounts of the cubes were 
placed in mixtures of the trypsin and the various fractions as usual. 
The amount of stain set free after digestion of about a week’s duration 
was estimated much after the method employed for hemoglobin. The 
solution which I employed for diluting was 20°/, acetic acid, as I found 
that this acid gave the brightest and sharpest colour. .In the first place 
to lec. of the filtrate from the digests, in test-tubes of very small 
diameter, was added 1 c.c. of the acid. The figures in Table III give the 
further additions of acid necessary before there was uniformity in colour. 


Tasie III. Digested at 37° for 7 days, 


24 grms. Coag. Egg Albumin + 5c.c, Euglobulin sol. + Bec.  . 40.6. 
” » Pseudoglob. ,, ” 8 
” » Albumin _,, 1 
” ” ” 0°25 %/, Na,CO, 
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ANTITRYPTIC ACTION OF SERUM. 501 
This result is at best a very crude one, as it must be remembered — 


that @ certain amount of diffusion would take place,.but it bears out 


very satisfactorily the more elaborate tannic acid estimations. 

‘Experiments with trypsins and sera of other — horse, pig, etc. 
gave identical results. 

I have attempted to ascertain if this reaction is absolutely specific, 
that is, “Does anti-action only occur when one uses serum and trypsin from 
the same animal or species?” Glaessner in his paper answers the 
question in the affirmative, but his figures point not to a real specificity 


_ but toone of degree only, z.¢. the serum of one animal hindered but did not 


completely prevent the action of the trypsin of an animal of another 
species. The results which I have obtained indicate that the action is 
not specific in an absolute sense. As to whether partial specific action 
exists it is impossible, with the present methods, to say, since, so far, 
I have not been able to standardise either the trypsin or antibody — 
solutions. For instance in the experiments detailed in Table IV the ox 
serum holds the ox trypsin in check, as it likewise does the pig trypsin ; 
but on the other hand pig serum does not inhibit so completely the 
action of ox trypsin as it does that of pig trypsin. In this result however 
there must be taken into account the fact that the ox trypsin used was 
much more active than the pig trypsin. This is shown by the results of 
digestion (see Table) in the absence of the antibody. In fact if one 
deducts the figures denoting the degree of digestion in the samples con- | 
taining antibody from those where the antibody i is absent one finds that 
the inhibition in the case of the pig serum is almost the same as with 
ox serum when ox trypsin is used, and with pig trypsin the figures 
obtained are almost identical. 


IV. Precipitate with Tannic Acid. of filtrate for 


wih Pigs Or 

Before days without 

| | digestion Antibody Antibody 

5c.c. Cong. Serum 5c0.0x. O8cc. 82a. 
” ” ” Ox ” Pig 05 07 5°7 6.0. 
” ” ” Pig Ox 05 1°4 82 
» Pig » Pig 0-4 


The view that the action is not absolutely specific is quite in 


accordance with that reached by Mesnil™. Of course one may 


remember that Morgenroth™ among others has found that an anti- 
substance can be produced (by artificial injection) against a vegetable 
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| fennet-—eyanarase—which i is practically inactive when tested with rennet 
of animal origin. The experiments of Gessard” with tyrosinase of 
animal and vegetable origin gave results similar to Morgenroth’s. 

In’ view of the insistence. with which Glaessner maintains that 
antitrypsin is attached to the euglobulin fraction I made some further 
experiments to see whether there might not: be two antibodies for trypsin 
present in the serum, similar to’ the true and pseudo-antibody for 

rennet found by Korschun™ in horse’s serum. To this end I prepared 
a solution of the globulins, obtained by the addition of a very ‘small 
quantity of acetic acid to serum which had been diluted with several 
times its volume of: water. The resulting precipitate was carefully col- 
lected and thoroughly well washed with water. It was then dissolved in 
a small quantity of 0°25°/, sod. carb. solution (globulins from about 300 
cc. serum dissolved in 100 e.c. sod. carb. sol.). Digestion experiments 
were performed (see Table V), (1) with and without casein and 
globulins ; (2) with globulins heated to 70° for 4 hour (in order to 
destroy the proteolytic enzyme normally present in the serum (Hedin)) ; 
and (3) with globulins which had been heated to 100° for half-an-hour 
= and without casein. 


Tanta V. Precip wih Toni Ai 


Trypsin 
. Globulin sol. + 6.0. 026%, Na,CO, + Iles. 0°83 c.c, 
sat. sol. Casein 5 0°25 Na,CO, 
B. Digest. 4 days at 37° ae | 
- ¢¢. Globulin sol. + 50.0. 0°26°, NaCO, + lee. 07 ¢.c. 
5 sat. sol. Casein 54 ,, 
5 c.c, Globulin sol, + 2-8 
heated 4 hour at 70° { ” ” ” + % ” 
5¢.c. Globulin sol. 
gol. Casein 6-4 ,, 
5 ¢.¢. Globulin sol. | 
heated {hoor 925% Na,0O, + 
5 ¢.c. Globulin sol. 
hour at 100° | 5 c.c. sat. sol. Casein 68 


This table demonstrate the that there is no antibody 
detected, at least. by the methods which I have employed, in the 
(eu)globulin fraction. The amount of digestion of casein alone is 
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: represented by 5 c.c. of io » HS0,, whilst when both casein ‘and globulin 


are present it equals 5'4c.c, in the unheated and 
6'4c.c. with globulins heated to 70°, 


hh gn together with the experiments in Table I bear out 
Oppenheimer and Aron’s™ statement that the globulins in their 
“native” state, i.e. unheated normal state, are difficult to attack by 
_ means of trypsin, and suggest that the — only are not acted 
on by trypsin. 

With regard to the temperature at which the antibody is destroyed, 
it seems to depend to some extent on whether one is dealing with the 
isolated antibody, te. the serum albumin fraction, or with the whole 
unheated serum, and also whether distilled water or 0°25°/, sod. carb. 
solution is used to dissolve the antibody. The presence of. the alkali, 
as my experiments show, exercises rather a harmful influence, in so far 
that it causes the anti-action to be suspended at a lower temperature 
than is the case where the alkali is absent. This deleterious action of 
the sod, carb. is quite as marked as when serum itself is employed in 
the experiment. Madsen in his experiments with antirennin likewise 
found the presence of alkali to have a harmful effect. 

Table VI. illustrates the effect of heat upon the isolated serum 
albumin containing the antibody, at the same time demonstrating the 
destructive action of the alkali when this is present, In each case the 
serum albumin was kept in the water-bath at the given temperature 
for half-an-hour. 


Taste VI. Precipitate with Tannic Acid. 10 cc. of 


filtrate for analysis. 
A. Control. (Pptd. immediately.) 
Medium Serum Albumin Water Trypsin 19 4280 


5 c.c. Coag. Serum 5 Active 5 5 c.c, 0°5 
B. Digest. 4 days at 37°. 


+ 6.6. 0°25 
Medium Serum Albumin Trypsin jo 28% 7p Hs8% 
§ Coag. Serum 5 c.c. Active (37°) bec. O85c0c, 
” ” ” 50° ” 0°85 08 
” 60° 110 18°5 
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In the case of serum iteelf the same difference is manifest (see 
Table VII). The various digests were kept in the water-bath at the 


temperature given for half-an-hour. | 
Taste VIL. Precipitate with Tannic Acid. 10c.c. of filtrate for analysis. 
Digest 
Medium Serum Trypsin 
A. Control. (Pptd. immediately.) : 
5 c.c. Coag. Serum 5 Active Sec. Illec. 0°9 
B. Digest. 24 days at 37°. : 
5c.c. Coag. Serum 5 c.c. Active (37°) Sec. co. 0°96 c.c. 
” ” 55° 1°65 ,, ,, 
” ” ” 60° 16 82 
” ” ” 100° 20°5 ,, 


The experiments show that the antibody is destroyed by heating 
for half-an-hour, in the presence of 0°25°/, sod. carb., at a temperature 
between 60° and 65° in the case of the “whole” serum, and between 
55° and 60° for the isulated fraction. When water is used the tempera- 
ture in the case of the isolated fraction is apparently much about the 
same, viz, 55° to 60°, but for the serum itself it is higher, viz. about 
70°. These figures agree very well with those of Hahn (l.c.) and 
Delezenne (i.c.) obtained when working with “whole” serum. 

As to the effect of room temperature (about 15°)-s2- the antitrypsin 
it was found that solutions of the antibody retain at this temperature 
a marked degree of anti-action for lengthy periods, both when in 
isolated form and in serum, When kept in the cold room (5°) the rate 
of destruction progresses, as would be expected, much more slowly ; even 
after several months active samples can be easily obtained. | 

The results which Morgenroth obtained when working with anti- 

_ rennin differed markedly from the above, as he found that this antibody 
deteriorated rapidly, even when kept in the cold room. - 

The effect of drying has likewise been tried (see Table VIII). The — 

_ antibody precipitated by ammon, sulph. was allowed to dry on a filter- 
paper at room temperature, the presence of the Am,SQ, preventing 
putrefaction. After the mass was completely dried it was scraped off 
the filter-paper and finely powdered. A portion of this powder was 
dissolved in water and transferred to a dialyser in order to get rid of 
the sulphate. When the solution was free from the salt digests were 
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Taste VIII. with Tannic Acid. 10 
Jiltrate for analysis. 
Serum Albumin Trypan 


Coag. Seram + 66.0, Dialysed (ary) + 560 = 


B. Digest. 4 days at 87°. 
5c.c. Coag. Serum + 5 Dialysed (dry) + = lleo 


These figures show that the property of hindering the action of the 


enzyme had been retained by the dry albumin. 
Dialysis has not been found during the course of this research 


to cause much diminution of the activity of the solution of the anti- 


body. It was only on very rare occasions that a serum which possessed 
anti-action was found when fractionated and dialysed to be inert. Such 
cases have occurred once or twice, but the cause remained undiscovered, 
as the methods were those usually attended by excellent results. 
Delezenne (1.c.) maintains that this anti-action is not an antitryptic 
one, but that it is an antienterokinase (antikinasique). Quite recently 
Ascoli and Bezzola™ took up this question and concluded that the 
antibody acted in both ways. Whatever may have been the nature 
of the solutions of trypsin and antibody which Delezenne worked 
with, the antibody I had was really antitryptic, as my solutions of 
trypsin contained no trypsinogen, for on the addition of a solution 


of enterokinase there was no increase in their activity. I do not main- 


tain that antienterokinase does not exist, in fact all evidence rather 
points to the occurrence of such a body. 

In conclusion I wish to offer my best thanks to Dr Hedin for much 
kindness and advice during the carrying out of this piece of work. 


CONCLUSIONS. 


1. Thin of teypein is found in 
connection with the so-called albumin fraction, i.e. the fraction 
precipitated between half and full saturation with ammonium sulphate. 
This result agrees with that of Landsteiner. 

2. Globulins do not possess antitryptic action, but are only very 
slowly attacked by the enzyme (cf. Oppenheimer and Aron). : 

8. This anti-action, as Glaessner also noted, was found in all 
varieties of sera examined. 
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In the case of serum itself the same difference is manifest (see 


Table VII). The various digests were kept in the water-bath at the 


temperature given for half-an-hour. 
Tauue VIL Precipitate with Tannic Acid. 10.0. of filtrate for analysis. 


Trypsin 


‘ Medium Serum 
A. Control. (Pptd. immediately.) 
§ c.c. Coag. Serum Active 5 11 cc. 0°9 «.c. 


5 5 c.c. Active (37°) Sec, 176.0. 0°95 c.c. 


” ” ” 165 ,, 09 
” ” ss 60° ” 16 ,, 82 ,, 
70° ” 20 ,, 181 ,, 
” ” ” 100° ” 


The experiments show that the antibody is destroyed by heating 
for half-an-hour, in the presence of 0°25°/, sod. carb., at a temperature 
between 60° and 65° in the case of the “ whole” serum, and between 
55° and 60° for the isulated fraction. When water is used the tempera- 
ture in the case of the isolated fraction is apparently much about the 


same, viz. 55° to 60°, but for the serum itself it is higher, viz. about 


70°. These figures agree very well with those of Hahn (l.c.) and 
Delezenne (i.c.) obtained when working with “whole” serum. ‘ 

As to the effect of room temperature (about 15°) on the antitrypsin 
it was found that solutions of the antibody retain at this temperature 
a marked degree of anti-action for lengthy periods, both when in 
isolated form and in serum. When kept in the cold room (5°) the rate 
of destruction progresses, as would be expected, much more slowly ; even 
after several months active samples can be easily obtained. 

The results which Morgenroth obtained when working with anti- 
rennin differed markedly from the above, as he found that this antibody 
deteriorated rapidly, even when kept in the cold room, ) 

The effect of drying has likewise been tried (see Table VIII). The 
antibody precipitated by ammon, sulph. was allowed to dry on a filter- 
paper at room temperature, the presence of the Am,SQ, preventing 
putrefaction. After the mass was completely dried it was scraped off 


the filter-paper and finely powdered. A portion of this powder was _ 


dissolved in water and transferred to a dialyser in order to get rid of 
the sulphate. When the solution was free from the salt digests were 
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TABLE VIII. Precipitate with Tannic Acid. 
for analysis. 


Serum Albumin Trypsin. 7h, 480, 
A. Control. (Pptd. immediately.) | 
50.6. Coag. Serum + 5c.c. Dialysed (dry) + 5e¢ = 0c. 
B. Digest. 4 days at 37°. 
5c.c. Coag. Serum + 5 Dialysed (ary) + = Illes, 


+ 
heated j hour * » = 68 


These figures show that the property of hindering the action of the | 
enzyme had been retained by the dry albumin. | 

Dialysis has not been found during the course of this research 
to cause much diminution of the activity of the solution of the anti- 
body. It was only on very rare occasions that a serum which possessed 
anti-action was found when fractionated and dialysed to be inert. Such 
cases have occurred once or twice, but the cause remained undiscovered, 
as the methods were those usually attended by excellent results. 

Delezenne (/.c.) maintains that this anti-action is not an antitryptic 
one, but that it is an antienterokinase (antikinasique). Quite recently 
Ascoli and Bezzola™ took up this question and concluded that the 
antibody acted in both ways. Whatever may have been the nature 
of the solutions of trypsin and antibody which Delezenne worked 
with, the antibody I had was really antitryptic, as my solutions of 
trypsin contained no trypsinogen, for on the addition of a solution 
of enterokinase there was no increase in their activity. I do not main-— 
tain that antienterokinase does not exist, in fact all evidence rather 
points to the occurrence of such a body. 

In conclusion I wish to offer my best thanks to Dr Hedin for much 
kindness and advice during the carrying out of this piece of work, 


CONCLUSIONS. 


1. This anti-action of normal serum, against is found in 
connection with the so-called album:= fraction, te. the fraction 
precipitated between half and full saturation with ammonium sulphate. 
This result agrees with that of Landsteiner. 

2. Globulins do not possess antitryptic action, but are only very 
slowly attacked by the enzyme (cf. Oppenheimer and Aron). 

8. This anti-action, as Glaessner also noted, was found in all 
varieties of sera examined, 
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4. ‘The anti-action is effective with all varieties of proteid, whether 


‘in solid or fluid form. 


5. Absolute specificity does not exist, and existence of partial 
specificity is questionable, 

6. The isolated antibody—the albumin fraction—is rapidly injured 
by heating. A temperature of 55° for half-an-hour suffices both in 
presence and absence of alkali to destroy to a large extent the anti- 


action. 


7. Anti-action of serum itself is somewhat more resistant, Ill 


effects noted by heating for half-an-hour at 60° in presence of alkali 


and about 70° in its absence. 
8. Solutions of antibody do not deteriorate rapidly even at room 
temperature. 
9. Dried antibody retains its anti-ferment action very well. 
10. Dialysis, as a rule, has no apparent destructive influence. 


REFERENCES. 


(1) Hahn. Berl. klin. Woch, xxxtv. p. 499. 1897. 
(2) Pugliese and Coggi. Bollet. Scienze Med. vim. 1897. _— 
(8) Fermiand Pernossi. Zeit. f. Hygiene, xvm. p. 83. 1894. 
(4) Achalme. Ann. de I’Inst. Past. xv. p. 737. 1901. 
(5) Camusand Gley. Compt. Rend. Soc. Biol. xurx. p. 825. 1897. 
(6) Charrin and Levaditi. Compt. Rend. Soo. Biol. x1. p. 83. 1900. 
(7) Simnitzki. Prag. med. Woch, xxviz. p. 449. 1902. 
(8) Delezenne. Compt. Rend. Soc. Biol. iv. p. 182. 19038. 
(9) Landsteiner. Centralbit, £ Bakt. xxvm. p. 357. 1900. 
(10) Glaessner. Hofmeist. Beitrige, rv. p. 79. 1903. 
(11) Freundand Joachim. Zeit. f. physiol. Chem. xxxvi. p. 407. 1903. 
(12) Hedin. This Journal, xxx. p. 156. 1903. 
(18) Hedin. This Journal, xxx. p. 195. 1908. 
(14) Vernon. This Journal, xxxr. p. 846. 1904. 
(15) Mesnil. Ann, de l’Inst, Past. xv. p. 352. 1901. 
(16) Morgenroth. Centralblt. f. Bakt. p. 721. 1900. 
. (17) Gessard. Compt. Rend. Soe. Biol. xiv. pp. 551 and 1398. 1902. 
(18) Korschun. Zeit. physiol. Chem. xxxvz. p. 141. 1902. 
(19) Oppenheimerand Aron. Hofmeist. Beitriige, rv. p. 279. 1904. 
(20) Ascoliand Begzola. Centralbit. f. Bakt. xxxm. p, 783, 1903. 


CAMBRIDGE: PRINTED BY J. AND ©, F, OLAY, AT THE UNIVERSITY PRESS. 


xy 
¢ 
< 
% 
¥ 
4 
ond 
a 
4 
J 
xf 
we 
bs 
if 
2 
ony 
J 
Ve 


PROCEEDINGS 


PHYSIOLOGICAL SOCIETY, 
Feb. 20, 1904, 3 


On the Synthesis of higher fatty acids in the Liver. By 
O, HILDEsHEIM and J. B. LEaTHEs. 3 


In a former communication to this society we described six experi- 
ments, in which the liver of rabbits, reduced to pulp and suspended in 
saline solutions or diluted blood, was found to contain from 10 to 40°/, 
more fat after incubation in a current of moist air for one to three days 
than it did when fresh. And in one of these experiments flasks to 
which glycogen was added gave double the increase found in flasks to 
which no glycogen was added. 3 

The estimations were made by Rosenfeld’s method, in which the 
dried substance is boiled with alcohol, then extracted with chloroform, 
and the alcohol and chloroform residues taken up in ether and weighed. 
This extract is of course not pure fat, as is shown by the fact that after — 
saponification it yields only 60 to 65 °/, or Jess of its weight of insoluble | 
fatty acids instead of about 95 °/, as yielded by pure animal fat from the 
connective tissues. But since the percentage of insoluble: fatty acids 
was no higher in the extracts of the fresh liver than it was in samples 
that had been incubated and in which the extract had increased, there 
must have been a similar increase in the higher fatty acids. 

Since then ten more experiments have been carried out by one of 
us (Pig’s liver 3, Rabbit’s liver 7) in which the higher fatty acids have 
been estimated after saponification of the extracts obtained as Rosenfeld 
obtains them. 

In six of these ten experiments the higher fatty acids were increased 
during incubation by amounts varying from 15 to 33°/,; in the four © 
others there was either no change or an increase amounting only to 
4 or 5°/,, which may be neglected; but in no case was a diminution 
observed. 
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In three experiments glycogen was added to some of the flasks of 


liver pulp before incubation. These flasks showed a greater increase 
than the control flasks to which no glycogen had been added ;—in 
one case 18°/, gain as compared with 13°/,, in another 21°/, against 
9 

we one experiment in which glycogen was added there was no 
increase either in the flasks with added glycogen or in the controls 
with none, 


Immersion of the flasks before incubation into boiling water pre-. 
vents the increase taking place, a short immersion partly, a longer one 


completely. 

Putrefaction was prevented by the addition of antiseptics, but 
absolute sterility has not yet been attained. The organisms present 
were however not responsible for the increase of the fatty acids. For 
broth cultures of the organisms present in flasks in which the increase 


had amounted to 20°/, caused no change in the amount of higher fatty 


acids in samples of boiled liver on incubation, as compared with other 
boiled samples to which previously boiled cultures from the same flasks 
were added. 

That the increase could be accounted for by the liberation of fat 


during autolysis from combinations that occur in the fresh liver and in 


which it escapes extraction is improbable, for Rosenfeld showed that 
his method of extraction gave as much or more extract than could be 
obtained by the Pfltiger-Dormeyer method in which peptic digestion 
precedes extraction, and we have found that the insoluble fatty acids 


obtained by the method we have followed are not less than those — 


obtainable from the liver when heated with strong aqueous potash till 
dissolved, and then the saponification completed in the presence of 
alcohol, as in Liebermann’s method of fat estimation. 

Further details of these and other experiments, and as to the 
effect of the addition of various substances on this reaction, will be pu 
lished shortly. | 


On the percentage of Fat in different types of Muscle. 
By J. B. Learues. 


In the following table the results of estimations of the amount of 
insoluble fatty acids present as fats, soaps, etc. in the different types of 
muscle tissue in the rabbit and cat are given. The figures give the 
percentage of the total solids formed by the higher fatty acids obtained 


4 
& 
Ags é 
+ 
< 
4 
- 
$ 
a 
Ka 
= 
J 
a 
=> 
re 
¥ 


—_— 


SOCIETY, FEB. 20, 1904. te 


as follows. The muscles of two or three animals were taken for each set 
of estimations in rabbits; in the cat the estimations are for the muscles 
of one and the same animal. The muscles were carefully freed from all 
visible connective tissue, tendon, etc., minced, dried, and powdered finely. 
The powder was then dried in vacuo at 100°C. for two days, which is 
sufficient to give practically constant weight. The dry powders were 
extracted twice according to Rosenfeld’s method and the combined 
alcohol and chloroform extracts saponified with alcoholic potash. The 
soaps dissolved in a large volume of water were precipitated with 
sulphuric acid and heated till a sharp separation had taken place. The 
precipitated fatty acids were filtered off hot, washed with large quanti- 
ties of hot water, and then dried im vacuo on the filter. The filter and 
precipitates were then extracted with petroleum ether in Soxhlet’s 
apparatus, and the extracts filtered, dried, and weighed. 
The figures show that the red muscles of the rabbit, like the dia- 
phragm and heart, contain a very considerably greater store of fat than 
the white muscles and than the mixed muscles of the cat. 


Rabbit 

1Soleus 7°19 7°97 15°19 4°23 

Semi-membranosus 2°94 801 4°62 3°99 

Diaphragm _ 6°60 11°62 8°09 

Psoas — 8°76 

Adductors of thigh 4°62 

Heart 12°83 12°89 

Intestine 


1 "Together with the soleus other conspicuously red muscles were taken, the semitendi- 
nosus and pectineus, to make up a sufficient weight of muscle for an estimation. 
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Stimulation of the Thyroid and Parathyroid Glands by a 
Proteid Dietary Meat). By CnHatmers Watson, 
F.R.C.P.E. 

(Preliminary Note.) 


The research which furnished these results was primarily an experi- 
mental research on gout. It consisted in feeding a number of fowls on 
a diet strictly limited to raw lean meat with a liberal supply of water. 
Under this régime the animals succumbed at periods varying from 
three to sixteen months, the terminal symptoms being usually of a 
paralytic character’. All the animals with one exception (No. 4) 
showed very pronounced disturbance of the cutaneous system, ruffling 
and loss of feathers, in the course of the experiment. My attention 
was incidentally directed to an examination of the thyroid and para- 
thyroid glands in the last four cases of the series. 

Parathyroid Glands. In two cases, Nos. 1 (cock) and 2 (hen), after 
16 and 14 months’ meat diet respectively, the parathyroid glands were 
enormously enlarged, and appeared as large globular masses. The 
weight of one gland from each case was ‘095 grm. and ‘10 grm. respec- 
tively. On microscopic examination these masses showed the normal 
structure of the parathyroid gland. In No. 3 (cock) after 14 months’ 
meat dietary the gland was also much enlarged, but less than in 
the preceding cases. Its structure was normal. In the remaining 
animal No, 4 (hen) after 14 months’ meat dietary. the parathyroid glands 
were not visible. | 

1 So far as the induction of gout is concerned the experiment was successful. 
| b 
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Thyroid Gland. In Nos. 1 and 2 the thyroid glands were much 
enlarged, being eight times heavier than normal, the weights being 1°25 
and 1°15 grams respectively. (The average weight of six glands from 
healthy fowls was ‘14 grm.) Microscopically these glands presented 
the appearance of normal thyroid tissue, the size of the spaces being 
however in parts larger than usual. In No, 3 the thyroid gland was 
enormously increased, one gland weighing 9°5 grms, the other 
3°5 grms.; both lobes showed haemorrhages, more especially the larger 
gland. In No. 4 the thyroid was not enlarged; microscopically the 
gland appeared normal. This animal had been less affected by the 
diet than any of its companions. It bad steadily gained in weight 
in place of losing as the other animals had done. The terminal 
symptoms were strikingly different from the other cases, being similar 
to those produced by strychnine poisoning. The liver was studded 
with small caseous nodules, varying in size from the head of a pin to 
a pea. Bacteriological examination proved their tuberculous nature. 


A Contrast (P) Experiment. By T. P. ANpERson Stuart, M.D., 
LL.D., Professor of Physiology, University of Sydney, N.S.W., Australia. 


If a drum of white threads, as in the figure, be rotated, sharp black 
lines are immediately seen to take the place of the white ones. It is — 


sufficient merely to grasp the drum ends with the hands and rotate them _ 


backwards and forwards. Further the threads need not be parallel—if 
one drum end be twisted round somewhat, so that the front and back 
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threads are seen to cross at an angle, still the straight black lines appear. 
If wavy wires are fixed in place of the straight threads, the black lines 
are correspondingly wavy. The black line appears at the moment of 
parting of the white lines. Its explanation appears to me very doubtful. 
If it were visible only when the white lines were moving more or less 
slowly, I should be inclined to regard it as a contrast phenomenon—the 
mass of white suddenly resolving itself and being contrasted with the 
non-white area,as suddenly appearing between the white lines. But the 
black lines are unaffected by the speed of rotation of the drum—they 
occur when the movement of the threads is so quick that fusion of images 
occurs and a uniform sensation arises from the white threads. 

. When bright red threads or bright green threads are substituted for 
the white, the black lines appear unchanged and are unaffected by the 
speed of the drum. If these various black lines are looked at through 
coloured glasses still they remain. 

Looked at against the sky they are sharp clear lines, and against a 
coloured background they have the same colour as the background. 


Regeneration of Nerves. By F. W. Morr, MD. FRS, 
W. D. M.D., F.RS,, and ARTHUR Epmunps, M.B., 
MS., B.Sc. 

(Preliminary Communication.) 


The work done by us in previous years on the subject of nerve- 
degeneration, has led us more recently to take up the related question 
of regeneration. 

From the microscopic study of the distal portions of divided nerve 
trunks, we arrived at the conclusion that the activity of the neurilem- 
mal cells has some relation to the development of the new nerve fibres. 
At an early stage in the degeneration process, they multiply, and later 
appear to share with phagocytes in the removal of the broken up 
‘myelin droplets. Subsequently they elongate, and look as though they 
were connected end to end, thus leading to the formation of what 
appear like embryonic nerve fibres. To suppose that there are really 
new axis cylinders would be against the view of the older observers, who 
taught that the axis cylinder is essentially the branch of a nerve-cell 
growing distalwards from the central stump. Among recent writers 
Howell and Huber who have used both histological and experimental 
methods of observation have arrived at the conclusion that although 
the peripheral structures are active in preparing the scaffolding, the 
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axis cylinder, the essential portion of a nerve fibre, has an exclusively 
central origin. Our own experiments which have been made on monkeys 
and cats are at present incomplete, but the more work we have done on 
the subject the more we have become convinced that this view is the 
correct one. 3 

Our preparations appear to us to prove that the manifest activity of 
the neurilemmal cells is related in some degree, probably nutritionally, 
to the successful repair of a divided nerve. In situations like the 
central nervous system where the neurilemma does not exist, not only 
is the removal of degenerated myelin a very slow process, but as is well 
known regeneration does not occur. ? 


The elongating and apparently continuous strands of neurilemmal 


cells to which we have alluded are situated outside the new axis cylinder, 
and conceal it underneath or within them. Transverse sections of the 

regenerated nerve show that the neurilemmal nuclei retain an abnormal 
- thickness for some time, but the axis cylinder is quite distinct and 
separate within this sheath. - 

Ballance and Purves Stewart hold the view that the new nerve 
fibres have a peripheral origin; these observers relied exclusively on 
histological evidence, one method they employed being Golgi’s which can 
hardly be considered for this purpose a trustworthy one. It is well 
known that black streaks are produced by this method by structures 


which are not nervous at all. A strand that looks like a nerve fibre is | 


not really such unless it can be experimentally shown to be both excit- 
able and capable of conducting nerve-impulses. 


The statement of clinical observers that in man, sensation rapidly 


returns after freshening up, and suturing together the ends of a nerve 
which has been divided a long time previously, would be very valuable 
evidence in favour of the ‘peripheral theory’ if it was entirely trust- 
worthy. A case recently in King’s College Hospital was carefully 
observed, and throws a useful light on this subject. A short time after 
the operation of uniting the ends of the nerve together, the man stated 
he was again able to feel, but these sensations rapidly subsided and 
sensation did not really return until months later, The preliminary 
sensation was doubtless subjective: the ‘freshening up’ of the central 


end of the nerve had evidently caused stimulation of the fibres lasting 


for some hours, and the sensations so produced were referred by the 
patient's mind to the original terminals of the fibres. 

Bethe asserts that peripheral ends of cut nerves may be excitable 
without union with the central end; but he does not seem to have 
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excluded a fallacy which was pointed out by Langley and Anderson 
at a recent meeting of the Physiological Society. These observers 
showed that in spite of the absence of any obvious connecting strand 
with the central end, new nerve fibres had found their way by devious 
channels into the peripheral stump from nerves in skin and muscle cut, 
through in the operation. 

We have sought to obviate such sources of fallacy by the following 
means. 

The incisions were made as small as possible, and the parts separated 
from the nerve trunks with as little cutting as possible. In cats one 
incision over the buttock allowed us to divide the sciatic nerve high up. 
Another in the ham enabled us to divide the two popliteal nerves. The 
intervening portion of the sciatic nerve, about 4 or 5.inches long, can be 
easily pulled out. Additional security to prevent union with central 
fibres was in some cases obtained by enclosing the upper end of each | 
popliteal nerve in closed caps made out of small drainage tubes about 


‘half an inch long. A period of 100 to 150 days was then allowed to 


elapse in order that if regeneration was going to occur in the peripheral 
segments of the nerve, it might have an opportunity of doing so. At 


the end of this time the animal was anesthetised and the nerves tested 


by electrical stimulation. In all cases they were entirely inexcitable to 
strong Faradic currents, and the wasted muscles also had largely lost 
their power of response to this form of stimulation. To the naked eye 
the nerves were pale. The animals were killed, and microscopical 
investigation of the nerves showed no trace of regeneration. In those 
eases where the nerves had been placed in tubes, it was very difficult to 
recognise any »ervous structure whatever. 

Another experiment suggested to us by Professor Gotch. has been 


performed both on the monkey and cat. A large nerve was divided and | 


the ends sutured together. After asufficient length of time had elapsed, 
restoration of function led us to suppose that regeneration had occurred. 
The nerve was exposed; the union of the two ends was found to have 
been accomplished and the nerve was excitable both above and below 
the junction. A piece of nerve was then excised an inch or so below the 
junction, and on histological examination of this, all traces of degenerated 
products were found to have disappeared, and it was made up of fine 
new nerve fibres, many of which had acquired a delicate medullary sheath. 
After this second operation, the wound was closed and the animal 
allowed to live for ten days longer. It was then killed and the nerve 
both below and above the second cut was then examined. No degener- 
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ation was found in the nerve fibres above the second lesion, but Wallerian 
degeneration, was shown by the Marchi method to have oceurred in 
medullated fibres of the peripheral portion, which was quite inexcitable. 
The direction of degeneration is the direction of growth, so this experi- 
ment shows that the growth of the new fibres had not started from the 
periphery centralwards but in the reverse direction. ote 
Another piece of evidence bearing in the same direction consisted in 
examining regenerated nerve fibres in various parts of their course. 
We think in some cases that the more distant the situation from the 
original point of section the less perfectly developed the new fibres 
appeared to be; myelination had progressed less in the distal portion of 
their course. But further observations on this point are being made. 
Another set of experiments consisted in attempting to ascertain the 
influence of stimulus on regeneration. A monkey's arm was rendered 
immobile by the division of a number of the upper posterior roots. The 
anterior cornual cells from which the corresponding motor fibres originate 
are thus not subjected to stimuli from the periphery, and as Mott and 
Sherrington were the first to show the arm is as much paralysed as if 
the anterior roots had been cut. We have, however, again noticed in 
some of these animals under the influence of strong emotion, (for instance 
when the monkey is prevented from reaching with the sound hand a 
piece of apple), that some efforts are made to move the other limb. 
When the animal is living in its cage under ordinary conditions, it makes 
no effort to move the limb, which in successful experiments (i.e. when 


@ sufficient number of roots have been entirely cut through) hangs help- 


less like a flail. Associated movements especially in the upper segments 
of the limb occasionally occur. A large nerve in the arm (median or 
ulnar) was then divided and the ends sutured together; the correspond- 
ing nerve was divided and sutured on the non-paralysed side as a control 
experiment. The animal was finally killed; the interval between the 
operation and death varied in different experiments, but the best time 


for making the observation we finally determined to be between 60 and — 


70 days after the nerves had been cut. 
3 Union of the divided nerves occurs on both sides of the body, and in 
our early experiments, the nerve on the side corresponding to that on 
which the posterior nerve-roots had been divided was found to be less 
excitable’ to the Faradic current; histologically this nerve showed a 
looser texture and new nerve fibres though present were somewhat less 
numerous than on the control side. In these early experiments also, we 


found that the posterior cornual cells in the cervical region were atro- 
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phied, and that there was a considerable overgrowth of neuroglia tissue 
in the posterior horn. 

Further examination (by the methylene blue ina erythrosin stain) 
of these spinal cords showed, however, that there had been a considerable 
number of small hemorrhages in the cord, sufficient in some cases to 
cause degeneration in various descending tracts in the cord. It there- 
fore became quite possible to explain the effects observed, by this com- 
plication. We are inclined to think that the hemorrhages are not due 
to mechanical injury of the cord during the operation, but are to be 
explained by the loss of support in the cord tissue which follows 
degeneration of the entering posterior root fibres. 

In several of the later experiments in which the cord hemorrhages 
did not occur to any great extent, we have been unable to detect any 
marked changes in the posterior cornual cells, or any difference to 
stimulation or in microscopical structure between the regenerated 
nerves of the two sides. 

In further experiments we sought to cut off the cerebral influence by 
removing the cortical arm area of the opposite side, in addition to divid- 
ing posterior roots as before. In this case also, the regenerated nerves 

f the two sides were equally responsive to stimulation, and histological 
evidence of any marked difference between them was also lacking. 

At present we are engaged in performing experiments in which a 


semisection of the cord is combined with division of posterior nerve-roots. 


By this means we hope to still further reduce the action of innervation 
currents on the anterior cornual neurons by cutting off the stimuli which 
enter by the posterior roots, as well as those which descend from the 
brain. It is quite possible that the paths which will even under those 
circumstances remain open (commissural and association tracts) may be 
sufficient to maintain the activity of the anterior cornual cells in the 
sprouting forth of new axons in a peripheral nerve, though they may be 
insufficient to induce those cells to send effective impulses along them. 

Warrington has stated that when posterior nerve-roots are cut, the 
anterior nerve cells undergo the chromatolytic change associated with 
inactivity. We do not wish to dispute Warrington’s observations 
which apparently were made at an early date after the division of the 
roots. In the animals which we have killed at the late dates mentioned, 
it was not possible with any certainty to tell by looking at the anterior 
horn cells of the two sides which was the side on which the posterior 
roots had been divided. 


In carrying out the above work, the experiments on animals have been 
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carried out at King’s College, London, by two of us (W.D,H. and A, E.) using 
anesthetics (ether and chloroform) and strict antiseptic precautions. The 
histological portion of the research has been carried out by the third (F. W.M.). 
We have to: thank the Government Grant Committee of the Royal Society 
and the Scientific Grant Committee of the British Medical Association for 
financial assistance. 


A perfusion-stopcock. By F. 8. Locke. | 
It is frequently desirable in investigating the physiological action of 


a substance on a perfused isolated organ to lessen the time lost between © 


the turning on of the fluid containing the substance and its actually 
reaching the organ. If there is no fear of stagnation of the fluid affect- 
ing its composition or temperature an ordinary three-way tap gives as 
_ good a result as can well be obtained, but in other cases it is necessary 
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to have at least one bye-pass, by which to prevent stagnation. The - 
stopcock here described gives a bye-pass to each of the two fluids 
experimented with, with no appreciable increase in the lost time as 
compared with an ordinary three-way tap. 

The stopcock fhay be regarded as consisting of two ordinary three- 
way taps blended into one, which is shown in the accompanying 
figure. 


A and B are two ordinary three-way (T-bored) conical “keys” 
fitting and meeting in the centre of a long barrel on to which five 
side-branches are welded. The single side-branch C is connected with 
the organ to be perfused, and where it opens into the barrel is function- 
ally prolonged bilaterally as far as the planes in which lie the side- 
branches D and F, and £ and G by a channel cut into, or blown out 
from, the lower side of the barrel. It is obvious that thus all the 
possibilities are obtained of two separate three-way taps, the two 
outlet-tubes of which are joined by means of a T-piece connected with 


the organ to be perfused, while the “dead space” is reduced to a 


minimum, and the whole forms one rigid unit. 


In the perfusion-arrangement actually used by me in the case of the 
mammalian heart, the two side-branches D and # pass upwards through a 
rubber stopper into a copper water-bath, in which they are firmly connected 
with two glass spirals, through which the perfusion-fluids pass on their way to 
the heart’. The branches / and G are used as bye-passes. They could also 
be used for the purpose of injection. Another use of the stopcock would be to 
send any one of four fluids through the tube C,, or the converse of this’. 


The action of dextrose on the isolated mammalian heart. 
By F. 8. Locke. 


The favourable effect upon the force of beat of isolated mammalian 
heart of the addition of dextrose to the oxygenated Ringer's solution 
perfused through it has already been published*. The following further 
particulars of the action of dextrose on the isolated rabbit's heart may 


be given here. 


1 As in the apparatus with a single worm demonstrated by me at the Turin Congress 
of 1901. This has been my method since 1898 (in Herr Geheimrath Hering’s laboratory 
at Leipzig) of regulating the temperature of the solution supplied to the heart. 

2 The stopcock is made by Messrs Miiller, Orme and Co., 148, High Holborn, 
London, W.C. 

* F. 8. Locke, Centralbl. f. Physiol. x1v. p. 670, 1901. 
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(1) The favourable influence of dextrose on the force of contraction 
can. be obtained with strengths of dextrose-solution varying from one 
part in 100,000 to one part in 100. 

(2) The initial rise in the contraction-height under the influence 
of dextrose is very often succeeded by a relative fall of short duration, 
a second and lasting rise in the contraction-height then occurring. 
- Various degrees of development of the secondary depression are ob- 

served, it being often completely absent. 
(8) It is obviously by no means easy to determine exactly the 
duration of the latent period, if any, of the reaction of the heart-musele 
to dextrose. It may be said, however, as the result of experiments made 
with the apparatus described in the preceding communication, that the 
latent period is at any rate extremely short, amounting at most to two 


or three seconds. This refers only to strengths of dextrose-solution | 


varying from one-tenth to one per cent. 


The effect of certain sugars on the isolated mammalian 
heart. By F. 8. Locke and O. RosenuEm. | 
Experiments have been made with galactose, rhamnose, J-arabinose, 


~ and glucoheptose. No action at all comparable to that of dextrose 


could be found. 


The disappearance of dextrose when perfused through the 
isolated mammalian heart. By F.S. Locke and O. RosenHeimM. 


We have investigated the question whether the marked effect of 
dextrose on the mammalian heart is associated with a consumption of it. 
For this purpose there was circulated through the rabbit’s heart in 
an automatically acting apparatus, which will be later described, 100 to 
250c.c. of oxygenated Ringer's solution containing 0°1 to 0°25 per cent. 
of dextrose for seven to ten hours, at the end of which the heart was 
invariably still beating well. Parallel experiments were also made in a 
similar apparatus without a heart: The sugar-analyses were performed 
by Kjeldahl’s modification of Allihn’s method. The following are the 
results hitherto obtained : : 

(1) Circulation and oxygenation as such of the solution do not 
cause a disappearance of dextrose. | 

(2) Circulation through the rabbit’s heart (weight 5 to 6 grams) is 
accompanied by the disappearance of 5 to 9 centigrams of dextrose. 
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(8) Increase of load (attached to cardiac apex) from 0 to 5°5 grams’ 


does not appear to increase the amount of sugar disappearing. 
(4) No glycolysis occurs in the circulated fluid after the cessation 
of circulation in the presence of toluol or thymol. The activity of a 


glycolytic ferment derived from the heart in the solution is thus rendered 
extremely improbable. 


(5) There is no evidence of the formation of disaccharides in the 


solution circulated. 

(6) The amount of carbohydrate recoverable from the heart itself 
at the end of the experiment amounts to from 3 to 5 milligrams of 
dextrose. 

(7) - Lactic acid has not been detected in the circulated fluid. 

If instead of oxygenated Ringer’s solution containing dextrose, a 
corresponding solution not containing calcium be circulated through 
the heart, it does not beat. A disappearance of dextrose is nevertheless 
observed, although less than in the case of active hearts, The heart 
circulated through is reviveable by perfusion with oxygenated Ringer's 


solution, and contains no more recoverable carbohydrate than does a 
heart that has been active. 
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On certain spinal reflexes in the dog. By C. S. SHERRINGTON. - 


1. The scratch reflex in the spinal dog. It was shown that the | 
reflex can be elicited not only by mechanical stimuli applied to the 
skin of the appropriate receptive region, but that weak unipolar faradi- 
sation with the stigmatic pole at the receptive hairy skin also excites 
the reflex with great regularity and precision. Graphic records of the 
scratching movements were then demonstrated. These exhibited the 
following among other points. 

The scratching movement consisting of flexion at hip, knee and 
ankle is rhythmic with a frequence of about four per second. External 
conditions, ¢.g. rate of stimuli (break shocks, double shocks, efc.), 
intensity of stimulus, locus of stimulus, nature of stimulus (7.e. whether 
faradisation, break or make of constant current, mechanical rubbing or 
pricking), hardly appreciably affect the frequence of the rhythm. Internal 
conditions, ¢.g. local fatigue, spinal shock, etc., often considerably modify 
the frequence of the rhythm, thus fatigue renders the rhythm slow. | 

There is a tonic as well as a rhythmic contraction involved in the 
response of the muscles. The tonic element is more pronounced the 
nearer the locus of stimulus to the mid-dorsal line and the more 
it is posterior. 

The reflex are concerned in the soles appears to be disynaptic: the 
first synapse is in the same spinal segment as the locus of stimulation, 
the second lies in the spinal segment innervating the flexor muscle of 
the limb, i.¢. of hip, or leg, or foot respectively. Fatigue can‘easily be 
induced. by repeated stimulation of one receptive spot in receptive 
region, and is found to be of TOMAEEANY: restricted local extent. and 
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remarkably speedily recovered from. The place of incidence of this 
fatigue is not at the second synapse, but it may be at the first synapse. 

When the reflex is in progress under stimulation of a spot of the 
receptive surface, stimulation of. a second spot in that surface, although 
effective as shown by its modifying the reflex response in respect — 
to intensity, residual tonicity, etc, does not cause any interference 
with the rhythm of the clonic response elicited from the first spot. 
From a number of instances exhibited it-was argued that these experi- 
ments indicate that the whole of the motor nucleus is occupied by the 
reflex in each case and that grades of intensity of response are therefore 
due to grades of intensity of reaction of the individual constituent units 
of the nucleus and not to various fractions of the total number of 
component units being involved in responses of various intensity. 

_ This reflex arc resembles the cardiac mechanism in responding to a 
constant stimulus (¢.g. constant current, heat beam etc.) rhythmically; it 
has also a refractory period like the heart. But unlike the cardiac 
mechanism the intensity of the rhythmic response varies within wide 
limits part passu with the intensity of the stimulus. Of this a series of 
examples was shown. | is 

The reflex exhibits well the latent summation of stimuli indi- 
vidually subliminal. A single induction shock even when very intense 
fails to excite the reflex: but the make, or break, of a constant current 
excites it easily. With shocks of similar intensity greater frequence 
reduces the latent period of the reflex. With series of shocks of similar 
frequency greater intensity of the shocks reduces the latency. With 
slow frequence (e.g. ‘7”) and with weak shocks the latent period may be 
several seconds. | 

Numerous examples of inhibition were exhibited. It was shown 
that inhibition may be caused by stimuli that excite reflex tonic pro- 
longed flexion of the flexor muscles, ¢g. stimuli applied to the foot of 
the scratching side. Or it may be caused by stimuli that excite relaxation 
of the flexor muscles of the scratching side. These stimuli can (1) cut 
short the reflex when already in progress, (2) prevent or defer its onset. 
After effects of inhibition of the scratch reflex were also shown. 

It was shown that under linear stimulation of the skin a simultaneous 
line was much less effective—as in the case of the peripheral retina— 
than a successive line of equal length. Also that stimuli many centi- 
metres (¢.g. 20) apart in the receptive field exercised bahnung for one 
another; and the more so the less their mutual distance from one 
another. 
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2. It was demonstrated on the spinal dog that both a positive 
stereotropic and’ a negative stereotropic reflex are elicitable from the 
planta pedis, The determinant is the character of the stimulus applied. 
Light diffuse pressure between the toe-pads resembling the pressure of _ 
the planta when the dog rests on it produces a positively stereotropic 
- movement, the ‘extensor thrust.’ This stimulus is just as effective 
when the foot is fully plantar-flexed, i.e. when the calf and post-tibial 
muscles are completely slack, as it is when the foot is dorso-flexed. 
Any nociceptive stimulus, a light prick; the heat beam, etc., on the 
pads or between them excites a negatively stereotropic movement, 
withdrawal of the foot. The reflex arcs.therefore in the two cases 
actuate exactly opposed muscles. “When the light diffuse pad-pressure 
and the nociceptive pad or foot stimulus are applied together, the 
positive stereotropic reflex is always suppressed in favour of the 
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On the action of adrenalin. By T. R. Ex.iorr. — 
(Preliminary communvation.) 

In further illustration of Langley’s generalisation that the effect of 
adrenalin upon plain muscle is the same as the effect of exciting the 
sympathetic nerves supplying that particular tissue, it is found that the 
urethra of the cat is constricted alike by excitation of the hypogastric 
nerves and by the injection of adrenalin. The sacral visceral nerves, on 
the other hand, relax the urethra of the cat. But while the hypogastric 
nerves relax the tension of the bladder wall in the cat, they do not cause 
any similar change in the dog, monkey, or rabbit: and though, as is well 
known’, adrenalin inhibits the cat’s bladder, this reaction is the excep- 
tion in the mammalian bladder, for adrenalin does not produce any 
change in those of the three animals named above. 

I have repeated the experiment of clean excision of the suprarenal 
glands and find that the animal, when moribund, exhibits symptoms that 
are referable to a hindrance of the activities of those tissues especially 
that are innervated by the sympathetic. They lose their tone; and may 
even fail to respond to electrical stimulation of the sympathetic nerves. 
The blood-pressure falls progressively, and the heart-beat is greatly 
weakened. And at the latest stage previous to death, though the nerves 
of external sensation and those controlling the skeletal muscles are 
perfectly efficient, the sympathetic nerves exhibit a partial paralysis of 
such a nature that nicotine, when injected, is unable to effect through 
them a rise of blood-pressure or to cause dilatation of the pupil. 


* Lewandowsky. Centralblatt f. Physiol. p. 483. 1900. 
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This marked functional relationship of the suprarenals to the sym- 
pathetic nervous system harmonises with the morphological evidence that 
their medulla and the sympathetic ganglia have a common parentage’. 
And the facts suggest that the sympathetic axons cannot excite the 
peripheral tissue except in the presence, and perhaps through the 
agency, of the adrenalin or its immediate precursor secreted by the 
sympathetic paraganglia. 

Adrenalin does not excite sympathetic ganglia when applied to them 
directly, as does nicotine. Its effective action is localised at the peri- 
phery. The existence upon plain muscle of a peripheral nervous 
network, that degenerates only after section of both the constrictor and 
inhibitory nerves entering it, and not after section of either alone, has been 
described*. I find that even after such complete denervation, whether 
of three days’ or ten months’ duration, the plain muscle of the dilatator 
pupille will respond to adrenalin, and that with greater rapidity and 
longer persistence than does the iris whose nervous relations are 
uninjured’, 

Therefore it cannot be that adrenalin excites any structure derived 
from, and dependent for its persistence on, the peripheral neurone. But 
since adrenalin does not evoke any reaction from muscle that has at no 
time of its life been innervated by the sympathetic‘, the point at which 
the stimulus of the chemical excitant is received, and transformed into 
what may cause the change of tension of the muscle fibre, is perhaps a 
mechanism developed out of the muscle cell in response to its union 
with the synapsing sympathetic fibre, the function of which is to receive 
and transform the nervous impulse. Adrenalin might then be the 
chemical stimulant liberated on each occasion when the impulse arrives 


at the periphery. 


‘The removal of the stellate ganglia. By H. K. ANpeErson, M.D. 
(Preliminary commumncatvon.) 
The stellate ganglia have been removed in cats and kittens. To 
remove them the scapula is drawn downwards and outwards and the Ist. 


1 Kohn. Arch, Mikr. Anat, uxn. 1908. 

* Fletcher. Proc. Physiol. Soc. 1898. 

* Op. 8: J. Meltzer and Clara Meltzer Auer, who obtained a like result after 
excising the superior cervical ganglion alone. Amer. Journ. Physiol. x1. 1904. 

4 Cp. Brodie and Dixon, this Journal, xxx. 1904, regarding its absence of action 
quoted above on the bladder. 
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intercostal space exposed between the levator anguli scapulee and 
rhomboideus muscles. A white tendon of the ilio-costalis serves as a 
good guide to the Ist-rib, and the intercostal muscles in the Ist inter-- 
costal space are torn through close to the lateral border of this muscle 
for less than half a centimetre. The stellate ganglion and its branches 
are seen at the bottom of the hole thus made, and the ganglion can be 
easily removed, or its branches cut, without damage to the pleura 
by this method. Both ganglia may be excised almost without loss of 
- plood in half-an-hour. The cats have been observed in some cases for 

several months afterwards. 
‘Im one cat only has a marked fall in the rate of heart-beat occurred: 
under normal conditions either when the ganglia have been excised or.the. 
preganglionic branches of the ganglion cut. In several experiments 
there has been no change in the rate of beat, and in one kitten the heart- 
beat subsequently to the removal of both stellate and inferior cervical 
ganglia was more rapid and forcible under corresponding conditions 
than the heart-beat in a sister kitten of the same age. In this kitten 
the stellate and inferior cervical ganglia were excised on the 18th day 
after birth, and the kitten killed 141 days later. The kitten then. 
weighed 1250 grammes and its heart 4°75; the control kitten weighed 
1400 grammes and its heart 4°69. The heart of the experimental kitten, 
therefore, weighed more actually and also more relatively to the body- 
weight, The forepaws in this kitten were generally a little warmer than 
_ the hindpaws, but when the kitten was warmed they were relatively 
the colder. . There was, therefore, no evidence of the passage of vaso- 
dilatator impulses along the undivided roots of the brachial plexus in 
response to the increased warmth. There were no signs of atrophy or 
dystrophy in the lungs or in the areas of skin supplied by. the branches. 
of the stellate ganglia. There was no paralytic secretion of sweat, 
and the forepaws remained very dry even when the kitten was 
warmed. 


sphincter iridis. By H. K. Anpgrson, M.D. 

(Preliminary communication.) 
_ The experiments have been performed on cats, The ciliary and 
accessory ciliary ganglia have been removed on one side: the superjor 
cervical ganglion was also excised on the same side, and in some. 
experiments on both sides. In all the experiments, six in number, the 
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- pupil under normal conditions has remained almost maximal and 
irresponsive to light, in one case even ten months after the operation. 
For a period of 3 to 6 weeks there has also been no contraction of the — 
sphincter after the local application of eserine to the eyes, but the 
excitability of the sphincter by eserine has gradually returned later, 
and has become even greater than normal, as in the following experi- 
ment. In this case 2 months after the removal of the left ciliary and 
accessory ciliary ganglia an equal drop of 1°/, eserine was applied to 
each eye. The left pupil an hour later was found to be almost a slit, 
and immobile in dim or bright light. The right pupil on the other 
hand, though a closer slit than the left in bright light, dilated considér- — 
ably in dim light, and the left pupil for this reason was considerably 
the smaller pupil in dim light, though ‘relatively the larger in bright 
light. The local application of atropine overcame in both eyes the 
constriction caused by the eserine. The relatively smaller size of the 
left pupil under the action of eserine in this experiment cannot. be 
attributed to paralysis of the left dilatator since both dilatators had 
been completely paralysed by removal of the superior cervical ganglia. 
As in previous experiments with Professor Langley, I obtained in this 
cat no constriction of the pupil on stimulation of the 3rd or ciliary 
nerves 3 months after the removal of the ciliary ganglion although there 
were many medullated fibres in the ciliary nerves close to the eyeball. 
On the other hand, 1 found in another similar experiment that the 
renewed excitability of the sphincter by eserine disappeared after a 
second section of the ciliary nerves (together with the optic nerve), but 
that the excitability reappeared a month later when sufficient time had 
elapsed to allow regeneration to have occurred a second time. © 3 
‘In another cat two of the malar ciliary branches were cut for the 
second time 13 weeks after the excision of the left ciliary and superior 
cervical ganglia. Immediately before this second operation the left 
pupil contracted regularly and almost to a slit under the action of 
eserine, but after the operation the left pupil contracted much less on 
the malar side which is specially supplied by the ciliary branches cut. 
The left pupil was, therefore, smaller but much bulged on the malar 
side after the application of eserine, though regular and almost maximal 
before. 
Moreover, excitability has not returned equally to all parts of 
the sphincter at the same time. In some cases contraction of the 
sphincter under the action of eserine has at first been confined chiefly to 
a small patch and the edge of. the iris has been protruded at this point. 
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Later, however, the extent of the contraction has gradually spread. over 
the sphincter. | 

My observations, therefore, show that the reappearance of contraction 
in the sphincter under the action of eserine is due not to an independent 
excitability of the muscle itself but to the regeneration of nerve fibres 
in the ciliary nerves, although at the same time no contraction of the 
sphincter can be evoked either by light reflexly or by direct stimulation 
of the regenerated ciliary nerves. 3 


- _ Products of the distillation of hematin with zinc dust. 
(A preliminary communication.) By J. A. MILROY. 
(From the Physiological laboratories of the University of Edinburgh 

and of Queen's College, Belfast.) 

The facts that Nencki and Zaleski’ obtained a volatile pyrrol 
derivative (hemopyrrol) by the reduction of hemin with hydriodic acid 
and phosphonium iodide, and that pyrrol or a substance giving some of 
its reactions has been obtained by the distillation of hematin with zinc 
dust seem to indicate the need for further investigation of the products 
of the latter method of reduction. 

_ The following communication gives the preliminary results of an 
investigation along these lines. 


acid, were mixed with 35 gms. of zinc dust previously dried by heating in 
a current of dry carbon dioxide. The mixture was then placed in a 
Jena glass tube. After the air had been displaced from the tube by a 
current of dry carbon dioxide, the mixture was gradually heated while the 
current of gas was maintained. The products of the distillation were con- 
densed (1) in a spiral glass worm surrounded by a water jacket, (2) in 
a coiled tube placed in a mixture of ice and water, and (3) finally the 
gas passed through a wash bottle containing concentrated hydrochloric 
acid. A red coloured vapour passed over, which condensed for the most 
part in the spiral tubes in the form of red oily droplets. The hydro- 
chloric acid in the wash bottle also absorbed some pigment. acquiring a 
faintly red tint, and showing on spectroscopic examination absorption 
bands apparently identical in position and character with those of acid 
hematoporphyrin. The pigment condensed in the tubes was dissolved 
in chloroform. The solution thus obtained was reddish brown in colour 
and showed a faint green fluorescence. Spectroscopic examination of 
* Ber. d. d. chem. Gesell. xxxiv. p. 997 


Four and a half gms. of hematin, dried in vacuo over sulphuric | 
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a dilute solution revealed three absorption bands (a) 1578—568, (B) 540 


530, (7) 4500—482. 


The pigment residue remaining after distilling off the chiototorm 
was found to be soluble in most organic solvents, ¢g. alcohol, ether, 


chloroform, petroleum ether, glacial acetic acid and benzene. It was 


insoluble even in concentrated solutions of the caustic alkalies. It 
dissolved in concentrated hydrochloric acid ; but was de oe by 
dilution with water. 


The greater part of the pigment residue was dissolved in sidiak To 


the filtered ethereal solution hydrochloric acid (1 vol. of the concentrated 
acid to 1 vol. of water) was added. . On shaking up the solutions the 
greater part of the pigment passed into the acid solution while a brownish 
pigment passed into the ether. The ethereal solution was separated, 
and the subjacent aqueous acid solution was repeatedly extracted with 
fresh quantities of ether until the ether ceased to take up any pigment. 

On spectroscopic examination the ethereal solution showed one 
- absorption band, 1506—476. The ethereal solution was separated and 
washed with water. Dilute ammonia was then added. The super- 
natural ether which contained all the pigment showed on spectroscopic 


examination one absorption band, 1520—504. A few drops of an 


ammoniacal solution of zinc hydrate in alcohol were added to another | 


portion of the ethereal solution. The absorption band appeared to 
become darker and better defined but remained unaltered in peehon 
and extent. 

The solution of the pigment which had dissolved ; in the dilute acid 
was bright red in colour, and showed on spectroscopic examination (1) a 
narrow dark absorption band, 1 598—588, (2) a faint narrow band, 1578 
—576, then slightly fainter absorption from 1578—562, and (3) con- 
tinuous with this shading a dark broad absorption band extending from 
562—588. The positions and characters of these bands correspond 
closely with those of acid heematoporphyrin. 

The acid solution was next diluted with water and extracted with 
chloroform. The latter solvent takes up all the pigment. Thechloroform 
solution was repeatedly washed with water, separated, and filtered. 
Some 5. per cent. caustic soda was added to part of this solution and the 
two layers mixed by gentle shaking. When the solution of the pigment 
in chloroform had completely separated from the aqueous alkali, it was 
examined spectroscopically and found to show the following four bands : 
(a)X6175—612, (8) shading from 1573'°5—567'5, darker from 
X567°5—A561, X1539—527'5, (5) 1512°5—492°5, 
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Dilute hydrochloric acid was added to another portion of the solution 
of the pigment in chloroform. The subjacent chloroform solution showed 
the following absorption bands: (a) .594—582, (8) shading from 4572°5— 
2.5575, and'a dark absorption band continuous with the shaded area 
and extending from 1.557°5—536'5. | 

Semmler’s modification of the method of zinc dust distillation was 
also'employed as a somewhat less drastic procedure; 1 gm. of dry hematin 
was mixed with 2 gms. of dry zinc dust. The mixture was then placed 
in’a glass tube from which the air was afterwards displaced by a current 
of dry carbon dioxide. After the ends of the tube had been sealed, it 
was heated in an oil bath at 180°C. for 8 hours. After cooling the tube 
was opened and the contents extracted with chloroform. The filtered 
solution of the pigments in chloroform was reddish brown in colour and 
showed a distinct green fluorescence. On spectroscopic examination 
four absorption bands could be made out, apparently corresponding in 
position and character to those of alkaline hematoporphyrin. Part of 
the pigment residue left after distilling off the chloroform was dissolved 
in alcohol containing some hydrochloric acid. The green fluorescence 
‘disappeared and the solution showed three bands, two resembling those 
of acid hematoporphyrin in position and character, and a band lying 
between b and F. 

Another portion of the pigment residue was dissolved in ammoniacal 
alcohol, and mixed with a few drops of an ammoniacal solution of zinc 
hydrate in alcohol. On standing for a few hours the solution showed 
three bands, two apparently corresponding to those of metallic hwmato- 
porphyrin and one lying between b and F; but situated somewhat 
nearer the red end of the spectrum than the corresponding band show 
by the acid solution. 

By a slow distillation of hematin with a large excess of zinc dust one 
obtains more complete reduction. A light yellow oil condenses whose 
vapour gives the colour reaction for pyrrol with a pine-wood strip dipped 
in hydrochloric acid; but does not give the colour reactions for pyrrol 
with isatine or quinone. Its solution in chloroform shows at first no 
absorption bands ; but on standing it darkens to a light red colour, shows 
a distinct green fluorescence, and a band lying between B and F. - 

_ These results appear to indicate that at least three volatile substances 
are obtained by the distillation of hematin with zinc dust, two resembling 
in their spectroscopic characters hematoporphyrin and urobilin, but 
differing markedly from the latter in regard to their solubilities, and one 
probably allied to the heemopyrrol obtained by Nencki and Zaleski. 
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Extraction apparatus and their condensers. By HExsert 
Durwam. (Pathological Laboratory, Cambridge.) 


In practice it is an advantage to avoid complicated extraction tubes, 

especially such as have fine conducting siphons welded on their exterior 
(e.g. Soxhlet tubes). 
- Eatraction of fluids with light or heavy solvents, A simple extraction 
apparatus, consisting of a wide piece of tube, narrowed below for attach- 
ment to the boiling flask, and with a side tube for conducting the 
vapour, may easily be arranged for the use of solvents which are heavier 
or lighter than the fluid which is to be extracted. Moreover the 
_ apparatus can be adjusted for different quantities of fluid. 

In the case of a heavy solvent the aperture of the lower end of the 
wide extraction chamber is closed by a cork, which is perforated and 
carries a simple straight piece of glass tube. This tube acts as an 
overflow and its length may be adjusted to suit the requirements of a 
given case. The cork should be well softened by steam or by boiling 
before it is fitted in place, which is done with the help of a wider piece 
of tube, wherewith the cork is pressed home. Solvent is then poured 
into: the extraction chamber. A piece of glass tube (wider than the 
overflow) is slipped down over the overflow as a “sleeve”; it may be 
nicked at the lower end to facilitate the passage of fluid from without 
inwards; its upper end is loosely capped or bent over to prevent the 
direct entry of — from _ condenser; the hin end of its lumen i is 
open. 

The fluid to be seein’ is et poured cautiously into the extrac- 
tion chamber; whilst this proceeds, the previously introduced solvent 
rises up between the sleeve tube and its contained overflow tube. When’ 
all or a sufficiency of the fluid to be extracted has been introduced, there 
should be enough of a subjacent layer of solvent to “seal” off the lumen 
of the sleeve tube. The arrangement is perhaps more — sora 
ligible by aid of the diagram (Fig. 1). x | 

In the case of a light solvent the small sleeve tube is removed m= 
is replaced by a wide “sleeve” tube (see Fig. 2), which fits the extraction 
chamber fairly closely for: some part of its height; it consists in fact of 
the cut-off top of a bottle, which fits the extraction chamber. This 
sleeve is held to the required: height by a piece of wire, twisted round 
its whe: one and inte ‘the tube of the 
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The overflow tube is placed as in the previously described arrange- 


| 
} 
of gement 2. Diagram of arrangement 
for heavy for light solvent. 
(Position occupied by solvent dotted) a; (Position occupied by solvent dotted) 


In filling the apparatus, some of the fluid to be extracted is first 
poured in, until the narrow part of the sleeve is nearly reached, solvent 


is then poured inside the sleeve until there is a sufficiency to make a — 


“geal”; the rest of the fluid to be extracted is then added. 

‘te funnel is passed down to catch the solvent from the condenser and 
conduct it to the bottom of the extraction chamber. 

_ When at work, as the solvent from the condenser passes up through 
the fluid, it is retained by the sleeve and prevented from dispersing over 
the whole surface of the fluid. Consequently the overflow can act with 


efficiency. In cold weather there may be some condensation of solvent 


on the surface of the extraction chamber, which consequently trickles 
down without the sleeve. Should this occur, it is merely necessary to 
raise the sleeve until its lower edge is completely above the surface and 
then to lower it again into position; by this means the floating solvent 
becomes caught and is retained within the sleeve. When very complete 
exhaustion of a fluid is desired it might be well to perform this raising 
of the sleeve on one or more occasions, since the portion of fluid without 


the sleeve does not come into close contact with solvent. Diagram 
No. 2 shows the arrangement. 


This apparatus can’ ‘be made by any glass blower; the one I have 
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was made for me by Messrs Miiller, Orme & Co. of Holborn. The extrac- 
tion chamber is about 24 centimetres high and 7} cm. in diameter; the 
working capacity is up to about half a litre. Were I to have another 
made, I should have the height increased so that the entrance point 
of the vapour tube was not less than 7 or 8 cm. below the upper orifice 
of the apparatus; the reason for this will be seen later. 

Extraction of small quantities of material. The following sinaple 
arrangement has worked very well for the extraction of small quantities 
of material. An ordinary wide test-tube (say 8 x 14 inches) is taken 
and into this a support consisting of a section of an ordinary test-tube 
about 1} to 2 inches long is dropped. The extraction cup, which is 
placed on the support, consists of an ordinary specimen tube (3 x 1 inch). 

The shorter limb of one or more small capillary siphons is placed 
within the extraction cup, a pledget of cotton-wool thrust to the bottom 
tends to hold the siphon in place and to keep it flowing continually. In 
place of a porous extraction thimble I have used a pottle of thin paper 
(some Japanese press copy paper I bought in Singapore acts admirably). 
The boiling tube is fitted with cork and condenser. By varying the 
~ height of the lower end of the apparatus above the water bath a variety 
of ratios of rates of flow from condenser and from siphon may be obtained ; 
thus the substance may be flooded or drained dry. By the introduction 
of an empty cup the solvent may be distilled off without removing the 
extract from the apparatus. (This is in fact an adaptation of the ex- 
tractor of Greiner and Friedrich which is on the market.) 

Condensers. The forms of condensers which are ordinarily employed 
are entirely outside the extraction apparatus. It follows from this that 
there is a possibility of “idle” vapourisation and condensation in and 
about the lower end of the condenser. This idle circuit was so great 
during some extractions, that I was led to arrange my condensers partly 
inside the extraction chambers. This can be done very simply and gives 
no chance of idle circuits. 

Such a condenser consists of two parts, an outer sleeve into the upper 
end of which a short piece of tube is welded so that a vacuum pump 
may be attached, and the condensing surface which consists of a long 
piece of thin wide glass tube sealed off below and lipped at the top. 
A doubly bored cork fitted after the manner of a washbottle is fixed in 
its upper end, by this the tube is kept full of circulating cold water. 
The condenser may be fixed to the upper end of sleeve, which it fits very 
loosely, by means of a rubber cork, suitably bored out. I may remark 
that the use of rubber for this cork is not: prevented by the employment 
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of rubber solvents, for the condensation is so complete that I have had 
condensers in use .with chloroform ete. for very 
show no sign of destruction of the rubber. 

‘The lower end of the sleeve tube is fitted to the exivhition: elie 
with a rubber or cork bung. The condenser is adjusted'so as to project — 
well into the extraction chamber. It: will be seén:that the vapour 
passing from the side tube impinges directly on the condenser, thus 

much of the vapour becomes condensed — it can enter the or 
between sleeve and condenser. _—- 

This has led to a further modification of. extraction 
namely; an increase of the length above the point of entry of ‘the side 
tube. By increasing this a still greater opportunity is offered for con- 


— Seating Ware 


Vapour ) | 
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Fig. 3. Diagram of arrangement of “Internal” condenser. 


denontiin to take place before the sleeve is reached, Where saber 
corks can be employed this is perhaps of small moment, but when rubber 
solvents are being used: it has some importance. It is well nigh 
impossible to get corks which are not more or less leaky, but. the 
_ nportance of a leak becomes slight when there is little or no vapour to 
leak out. In order to rectify leaks, boiling the corks, smearing them 
with glyoerin and then smudging with». and 
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water has acted fairly well in my hands. Pieces of peritoneal membrane 


are also of value as wrappings, especially when the extraction is carried 

out under reduced pressure. The entrance of quite a minute quantity 

of water, especially when solvents like petroleum ether are used, is very 
deleterious; water condenses on the outside of the condenser and is apt 

to find its way through a slightly leaky cork. It appears that a few 

strands of knitting cotton tied round the lower part of the condenser is 

enough for the purpose of conducting such water away. 

The advantage of using this form of condenser can be shown by. 
putting the apparatus at work ; after noting the rate of drip, the con- — 
denser is gradually withdrawn up the sleeve; at a certain level, if the 
rate of boiling off is not too rapid, the drip ceases or slows owing to 
reevaporation by the hot vapour. In fact the apparatus is turned into 
the ordinary arrangement, wherein a conducting tube is interposed 
between the extraction chamber and the condenser. 

Reference to the diagram (Fig. 3) will make the arrangement clear. 
Various sizes of tube have been tried for condensers. An internal 
diameter for the sleeve tube of about 2 cm. with an external diameter | 
of about 2 or 3 mm. less for the condenser, total height of sleeve tube 
45 cm. with a side tube about 7 cm. from its upper end form useful 
dimensions. 

The principle of an internally placed condenser can also be applied 
to distilling or evaporating apparatus. Such a condenser as has been 
described above when partly inverted so as to be inclined at an angle of 
about 50 to 60 degrees with the horizontal will act as a conductor to 
carry condensed fluid to the sleeve tube, the side small tube of which 
then acts as a delivery tube. The introduction of the condenser within 
the evaporating chamber practically makes the connexion between con- 
denser and evaporator “ infinitely large,” the condenser also tends to catch . 
and lead away vapour which might otherwise condense upon the surface 
of the evaporating chamber and lastly it tends to keep the vapour 
tension low in the evaporating chamber and thus promote a circulation 
or draught ; all these factors tend to make such a distillation apparatus 
more efficient than models ordinarily used. It should be added that it 
is well to regulate pressure, when reduced pressure is used, and tempera- 


ture so that spluttering does not occur, if loss is to be avoided. 
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& rapit' method of estimating the specific gravity of the 


blood. By O. Incutey, M.A., M.B. 


The methods now in common use for the determination of the sola 
gravity of the blood possess several disuivantage and have led. me to 
devise the following : 

A number of wide-necked stoppered bottles of 6 oz. capacity. are taken, 
corresponding to the number of degrees of specific gravity in the scale 


to be used. Thus I used, for rabbits’ blood, twenty-one bottles, ranging 


from 1040 to 1060. Each bottle is then filled with a mixture of chloro- 
form and Pratt’s Petrol A’, in the proportion of 2:3 respectively. Each 
bottle receives two specific gravity beads* differing by one degree; so 
that if a series of three bottles be taken they will contain the following 
beads, 1040. 1041—1041 . 1042—1042.1043, and these. numbers are 
plainly marked on the bottles. 

The fluids are now standardised. This is done by the addition of 
chloroform or petrol; for example, supposing both beads prersomnih sank, 
then chloroform is added till they just float. 

The liquid is mixed by inverting the bottle, thus avoiding injury. to 
the beads, the neck of the bottle should be grasped to avoid errors of 
temperature. 

Smaller quantities can now be added by means of drop bottles, till 
one bead floats and the other sinks. I used groups of 30 drops at. a 
time, then 10 drops, 5 drops, etc. In practice this process is accelerated 
by proceeding directly from one bottle to the next, adding the chloroform 


* Suggested to me in thesis by Dr Garrood. 
Obtainable at 9s.. 
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or petrol as required, By the time the series has been so treated the 
beads in the earlier ones will have settled and indicate by their position 
the next addition required. Py 

Having now standardised the bottles, the blood is collected in a 
pipette. This consists of two lengths of glass tube, so selected that one 
slides in the other. The outer one A (see Fig.) is drawn out into a 
capillary about 4 inches long, and the body of the tube is cut off to 
a length of 2 inches, The inner tube B is tapered at the end entering 
the outer tube, and a short junction of rubber tube C fixes the two. 
The exposed end of B is rounded in the flame and an orifice is left of 


| 

about the diameter of the capillary. Before use a cleaner consisting of 
a double loop of fine wire carrying a long piece of floss silk thread is 
introduced by the orifice, and pushed through the capillary. After use 
the pipette is washed with water by suction and dried and cleaned as 

The pipette held horizontally is applied to the drop of blood, which 
is drawn up by capillarity and sealed, lightly applying the fore-finger 
over the small orifice of B. The point of the pipette is immersed about 
an inch below the surface of the liquid in the standard bottles. A very 
slight pressure expels a small quantity of blood which adheres to the 
pipette; now gently raise the pipette out of the liquid, taking care at 
the same time not to relax the pressure of the finger on the upper orifice, 
and a small drop of blood will separate, and will either (1) sink to the 
bottom, (2) hang suspended in the body of the liquid, or (3) rebound 
from the surface, sink momentarily and then rise and float. The sample 
of blood is rapidly distributed in the series of bottles. The pipette 


gives thorough control over the column of blood in the capillary, which 


can be divided into many small beads. Clotting is shown by an adhesive 
string attaching the expelled drop to the pipette. Such a condition of 
course necessitates a fresh sample of blood. The pipette should proceed 
rapidly from bottle to bottle, till the point of demarcation between the 
series of sunken and floating drops is reached. Two consecutive bottles 
are now found, in one of which the drop sinks and in the other floats. 
The common number on both bottles represents the specific gravity of 
the blood. Should there be an intermediate bottle where the blood-drop 
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neither sinks nor floats the specific gravity is taken as midway between 
that of the two beads it contains. 

By this method any number of different bloods can be determined 
one after the other without any further labour, and the estimation itself 
is rapid and does not require any concentrated effort. The only pre- 
cautions necessary are: (1) Rapidity in delivery of the blood from the 
pipette to the bottles to avoid clotting. (2) To avoid drawing up petrol 
mixture into the pipette. (3) Slow withdrawal of the point of the 
pipette from the liquid to prevent too great a rebound of the drop of 
blood downwards. 

After use the drops of blood can be left in the bottles, they gradually 
harden but retain their pigment. It is necessary to remove any 
contaminated specific gravity beads with a bent copper wire and clean 
them. 

Owing to variations in room temperature, weather, etc. it is advisable 
to keep the bottles out of direct sunlight, then one preliminary correction 
will hold good for the greater part of the day. It is desirable to get the 
adjustment such that the two beads sink and float with equal decision, 
and one drop will usually effect this fine adjustment. 

After continued use a thin film is apt to form on the inner surénce 
of the bottle, on decanting the liquid this can be removed, together 
with dried blood-drops, by a piece of dry wool. 

The advantages claimed for this method are that, after the one daily 
preliminary adjustment, an unlimited number of observations can be 
made with little trouble. As the reading is immediate, any possible 
slow interaction between blood-drop and petrol mixture is eliminated. 
No special skill is required, and the results are definitely objective, 

The specific gravity beads are taken as sufficiently constant stand- 
ards throughout the series of observations. After the initial cost there 
is practically no further expense. 


A help in the measurement of the latent period on the 
curve of muscular contraction. By F.S. Locke. 


Dr Burch has just described the application of cylindrical ai lal 
in the reduction of the photographic records of the capillary electrometer’. 
It may be worth while to draw attention to the utility of a simple 
cylindrical lens in the estimation of the length of the latent period from 
the musele-curve, a problem of well-known difficulty, particularly in the 
case of slowly rising curves. 

1G. J. Burch. Proc. Roy. Soc, uxxut. p. 281. May 7, 1904. 
d2 
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If the commencement of a muscle-curve recorded on a quickly 
moving surface be suitably regarded through a convex cylindrical lens 
the axis of which coincides with the line drawn by the resting muscle 
and its real or imaginary prolongation, the length of the abscissa occupied 


by the latent period remains of course unaffected, but the ordinates 


being magnified the rise of the muscle-curve appears correspondingly 
steeper. In the case therefore of finely written curves free from 
accidental vibrations, in spite of the optical broadening of abscisse, the 
point of actual beginning of the contraction is much more easy to 
accurately localise. 


The actual apparatus made use of has been of a very simple kind. — 


As lenses I have usually employed fairly thin-walled glass tubes of a 
diameter of from 7 to 15mm. filled with water. It is of course 
necessary not only to localise the point in question subjectively, but to 
be able to fix it objectively upon the curve. If it be desired to measure, 
directly by means of a graduation, the distance of the point of commencing 
contraction from the point of stimulation, the lens-tube may be fastened 
to the ,ungraduated side of a Zeiss’s 3in. x 1 in. glass scale; or a finely 
graduated cylindrical pipette may be made use of resting directly upon 
the tracing. I have found it more convenient to use no graduation and 
simply make a mark upon the curve with a fine needle-point at the point 
of commencing contraction, the necessary interval between the lens and 
the tracing being established by the ends of the lens-tube resting 
transversely on two fairly thin object-glasses of equal thickness. A line, 
or two lines separated by a small interval’, may be ruled with a writing 
diamond parallel to the axis of the lens-tube to assist in its correct 
adjustment and in reading off. It is sometimes of advantage to increase 
the illumination by means of transmitted light, the tracing being placed 
upon a plate of glass with a mirror underneath, The principle could of 
course be utilised in an elaborate curve-analyser. , 
Convex cylindrical lenses were used by me in the way described 
more than three years ago in the analysis of the curves of an investi- 
gation as yet only incompletely published’. They can. obviously be 
similarly applied in the-graphic estimation of the lag of any movement. 
‘Such lenses can be used too to render more distinct and measurable either 
the sinusoidal record of a tuning-fork of small amplitude of vibration ; or 


1 Op. O. Langendorff (L. Hermann). Physiologische Graphik, 8.100. Wien. 1891. 
* F.S. Locke. “Towards the ‘ Discharge-Hypothesis’’of the Excitation of Muscle 
by Nerve.” Journal of the Boston Society of Medical-Sciences, April, 1897. 
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the horizontal distance between two congruent curves, in the case, eg., 
of the usual method of determining the velocity of 5 nervous 
impulse’, 


Further observations on density-measurements. By A. D. 
and B. J. CoLLinawoop. 

Our previous observations relate to the of gases—and 
incidentally to that of liquids and solids. Their principal object was to 
determine: by parallel densimetric and volumetric estimations of CO, 
the applicability of the densimetric method to the estimation of ether 
and chloroform vapours. Incidentally we found it necessary to examine 
variations of the densimetric indications of CO, according as the latter 
was of chemical or of respiratory origin. As a final point we took into 
account the slight fluctuations of density in expired air due to variations 
of the respiratory quotient. In connection with this final point we 
discussed methods of calculating (a) from volumetric analysis of expired 
air to the respiratory quotient, and (6) from the respiratory quotient to 
the volumetric composition of a given sample of expired air. And in the 
same connection we stated that it is possible to arrive at a theoretical 
estimate of the respiratory quotient without volumetric measurement 
of oxygen absorption. 

The practical scope of these several cbsteations; is indicated by the 
following table of numbers, expressing in milligrammes the vaca ia 
differences of the gases — which we have to deal: 


1000 c.c. at 0° and 760 mm. Hg. 
(Litre-weights taken as basis. of calculation: 


1, 

2. Bther vapour is 2012 ,, re » air 

83. Carbon dioxide is 678 ,, dy 5 ot 

4. Carbon dioxide is 536 ,, ee » «oxygen. — 
5. Nitrogen is 172 ,, lighter ,, oxygen. 
6. Expired CO, (at R=1°0)is 536 ,, heavier ,, air. 

7. Expired CO, (at R=0°5)is 400 ,, is » air. 

8. Water vapour is 489 ,, lighter ,, air. 


. 1 It would follow from the equation given by Du Bois-Reymond (Ges. Abh, 1. 8. 279) 
that the use of a convex cylindrical lens in these two last cases could bring no increase of 
accuracy of measurement. He did not take account, however, of the difficulty of judging 
the horizontal breadth of oblique lines, and this is just what the lens helps one to do more 
correctly, the by no means most 
be adhered to. 
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- The principal point, of investigation is the 3rd. If CO, (at Lw.d. 
= 673) can be estimated densimetrically, the applicability of the 1st 
and 2nd estimations (dependent upon |, w.d. = 4036 and 2012) is 
established. 

- Points 4, 5, 6, and 7 are subordinate to the principal point. As 
regards 6 and 7 in particular, where the upper and lower limits for 
respiratory quotients of unity and one half are 536 and 400, we may 
hardly anticipate that within this narrow range of 136 a practicable 
seale should be found between differences of weight and differences 
of R. ‘Nevertheless the fact brought out by our observations that the 
quotient must be reckoned with, and that the number obtained by 
dividing the densimetric increment by the CO, percentage falls within 
this range (it generally comes out at or about 500), is confirmatory 
evidence of the applicability of densimetry to the estimation of CO,, and 
a fortiori of Et,O and of CHC\,. 

Whether within this narrow range it be possible to weigh with 
sufficient accuracy to allow of a useful estimate of R to be calculated, is 
@ further and finer point with which we have less concern, inasmuch as 
failure at this point where the error of + 0°1 milligramme is of moment 
(it implies an R of +005 with a 250 c.c. densimeter) does not signify 
failure at the coarser steps 3,2 and 1, where an error of + 1 milligramme 
(t.e. greatly above the permissible) would imply percentage differences 
of 0°6, and in estimations of CO,, Et,O and CHCl, respectively. 

We do not therefore propose to introduce a method of estimating 
the respiratory quotient, but only to apply a very searching test to a — 
method proposed for a coarser purpose, viz. for the quantitative estima- 
tion of choroform and of ether when mixed with air. The calculations 
involved by the test have led us to results of some theoretical interest. 


II. To calculate R from data obtained by the volumetric analysis 
of expired air. (Air taken = 21 oxygen +79 nitrogen.) _ 

The respiratory quotient R expresses the relation between total 
volume of CO, exhaled and total volume of O, absorbed. Normally this 
quotient is less than unity, the volume of O, absorbed being greater 
than the volume of CO, exhaled. 

The apparent quotient is ** "Cl But since there has been an 
absolute diminution of vol, (by absorption of O, not replaced by CO, 
but by nitrogen) the original volume of air corresponding to the 
uncorrected oxygen deficit in 100 cc. of expired air is the residual 
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volume of N multiplied by | 7 ; and the amount of oxygen in that 


‘Thus the true respiratory said in terms of the resulta of a 
volumetric analysis of expired air is 
CO, vol. 


(residual N x $4) — residual 0 


Example.—100 ec. of expired air are found to contain 4c.c. C0, 


and 16cc. O,. What is the respiratory quotient R? 


4 
R= x#)—16 


| HL To calculate from a given respiratory quotient = R and a given 
percentage of CO, vol. = p to the volumetric composition of expired air. 


The uncorrected percentage volume of oxygen =5 and the differ- 


ence between this and the CO, percentage = RP 
The true vol. of residual oxygen 
21 


and the vol. of the oxygen deficit = 21 — a. 


Example. —The respiratory quotient is 0°8. The Co, 
pis 4. What is the vol. of residual oxygen in 100 c.c, of expired air? — 


raquited ralve=(100 + = - 4) 
=(100+5 4) —5 
= 21°21 —5 
= 16°21. 


> a oxygen deficit, ie. the amount that has been absorbed from 
100 c.c. of expired air, is 21 - 16'21= 479 c.c., and not 5 as might have 
been hastily inferred. 

It is necessary to take this reverse step from a known quotient R to 
the actual value of oxygen deficit in expired air for the sake of the next 
calculation, from which we learn how much of the total missing oxygen 
has been replaced by CO, and how much by nitrogen. 


| 
: 
4 
jim: 
2 
& 
| 
le 
4 
4 
Ps 
y 


xl © PROCEEDINGS OF THE PHYSIOLOGICAL 
. These values have been calculated—with the results given in the 


following table: 
by volume weight 
CO04+ From O, From O, 
10 1 19°98 1:00 0°00 +586 -. 0= 586° 1°34 mgrm. 
09 1 19°84 1°09 0°09 +686 - 16 = 520 130 , 
..4 19°73 1°20 0°20 +586 - 84= 602 125 ,, 
0°7 | 19°59 1°34 0°34 +536 - 58 = 478 1:19 ,, 
06 1 1940 158 O88  +586- 444 111 ,, 
05 1 19°14 179 0-79 +686- 186= 400 100 ,, 


Values of volumetric exchanges from 0, to CO, and N, per 1 o.c. per 100 of CO, in 
exhaled air at respiratory quotients from 1°0 to 0°56. The weights are given in milli- 
grammes per litre, and have therefore to be divided by 1000 to express milligrammes 
per ¢.c. 

The last column gives in milligrammes the increments per 1°/, CO, for 250 c.c. ™ 
0° and 760 mm. Hg). 


The table has been drawn up tor sir = 20°98 weighing 1908 mogrms. per 


litre. The litre of (atmospheric) nitrogen has been taken at 1257, of CO, at 1966, of 
oxygen at 1430. The litre-weight differences are : | 


CO, air 673+ 
CO, oxygen 536+ 
Examples, | | 
1. What is the respiratory quotient R of @ sample of expired air 
found to contain 2°/, by vol. of CO, and to give a densimetric increment 
of 0°5 milligrammes ? 
0°34 x 2 68 


2, What is the percentage of CO, in expired air if R=? and the 
increment = 7°5 ? 


168 3:02 p= 15 497. 
_ 8. What. increment should be with R known to be =0°8 
and CO, percentage found to be = 6? 


An. x 6 2°04 


(168x6)—m 1008—m 
$064 08m = 2:04 


m = ‘63 milligrammes, 
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4. With a CO, percentage in expired air = 5 °/, what. difference of 
increment will obtain at R= 1-0 and at R= 0'5 per 250 c.c. ? 
Ans. 034x5=1°7 milligrammes. 


IV. To get a working formula for calculating the respiratory quo- 
tient R from a given sample of expired air, of which the percentage 
of CO, ts volumetrically determined = p, and the densimetric increment 
per 250 c.c. = m counted in milligrammes. _ 

# being the unknown excess of oxygen by volume replaced by 
nitrogen. 

The symbols of volume p and « can be converted into symbols of 
weight by prefixes a, b and c to represent numerical coefficients the 
value of which is at present unknown. 

In place of cv we may write m, weight counted in milligrammes, 
and prefix a negative sign, seeing that nitrogen being lighter than 
oxygen, m is a negative increment. 


Our equation is now 


To find the numerical values of a and 6 let p=1 and take out from 
the table above the values of the increments of weight calculated for 
R=1 and for R=}. We now have two equations 


l= 


a a 
@=034 and b=1°68, 


for any value of p. 


: The value of m cannot exceed the value of 168  P. If it should 

be found to do so in any experiment, that experiment is thereby proved 
to have been incorrect. 

034p 

Our working formula—R = 168 p—m — —a8 has been pointed out to 

us by Mr W. L. Symes—gives as the curve of the relation between 

densimetric increments taken on the y axis ‘and respiratory quotients 

taken on the « axis, a rectangular. hyperbola, of which the position of 

one asymptote is given by the limit-1'68 («.e. by the maximum difference 
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of weight with R= <x, ie by the difference between CO, and air), the 
other asymptote, with R =0, being situated at the 
The equation to this curve is ays 


and with R=1, the value of m is 3 the ‘difference between » 00, and 
oxygen, or 134. 
Then C=1 x (1-08 — 134) = 0:34 
| 
0°34 
| 
| 
120 
100 
80 
20 
3 
Curve to show the relation of the increments of weight m (ordinates) to the vari 
auotiont for 14), of expired 00, and 260 


With R= 1, the value of m is the CO, - ~ oxygen diff. or 1-34, ° 
With the value of m is the CO, - air diff. — 


0°34 
2 
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Note. We take this opportunity of correcting a very natural mis- 
conception as regards the corrections we have adopted for water vapour. 

Apart from the gross error that could arise from condensation of 
water vapour in a cool bulb (avoided by raising its temperature above 
40°), we found it necessary to reckon with two separate corrections, the 
first averaging + 5 mgrms., the second averaging — 0°5 mgrm.! 

The first correction of 5 milligrammes occurred in densimetric 
estimation of anssthetic vapours in expired air (where the absolute 
values in the case of a 250 cc. bulb are 10 to 100 mgrms. for 1 to 
10 per cent. of chloroform, and 25 to 250 mgrms. for 5 to 50 per cent. of 
ether) and is occasioned by the fact that the water vapour of expired 
air having been trapped, an excess weight due to CO, is produced in 
the expiration bulb; the excess amounts to 1°3 mgrms. per 1 °/, CO, at 
theR.Q.=09. 

Our observations in measurement of this first correction led us to 
recognise the second correction of 0°5 mgrm., which is a correction of the 
previous correction and occurred in the comparison of the densimetric 
and volumetric measurements of CO, in expired air. Room-air, 
according to the hygrometer in this laboratory, is generally } saturated 
at a temperature between 15° and 20°. Expired air cooled to room- 
temperature in the condensing bulb passes into the weighing bulb 
saturated with moisture at that temperature, and causes therefore a 
deficit of weight of approximately 0°5 mgrm. per 250 c.c. 

The following table exhibits the resultant values of R calculated 
(1) from volumetric data, (2) from the densimetric increment and the 
percentage of CO, as described above. The first observation was taken 
with expired air held for 10 seconds, the 2nd and 3rd observation with 
expired air held for 45 seconds. 


hun of Densimetric Value of R 
100 ¢.c. of expired taken at 
Oxygen Nittogen 19 nitrogen) paras 
‘Nol 46 168 19° ose 6-0 090 
2 62 822 0:60 6-8 
$ 64 112 824 0:60 68 0°85 


1 Proc. Physiol, Soe. July 25, 1908. 
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. The quantity and pressure of carbon dioxide in venous. 
blood and in alveolar air in cases of diabetes and diabetic 


coma. By A. P. Beppaxp, M.S. and E. I. Spricas. 
(From the Physiological Laboratory, Guy's Hospital.) 


The observations previously made upon the blood-gases in cases of 
diabetes and diabetic coma (The Lancet, May 16th, 1903) have been 


extended by determinations of the pressure of carbon dioxide in alveolar 


air by Haldane’s method and by attempts to estimate the pressure of 
the carbon dioxide in the venous blood and urine. The following table 
gives the chief results bearing on the question of the relation of the 


acidity of the serum to the amount of carbon dioxide in the venous . 
blood in diabetes, diabetic coma, and other diseases which were observed 


for the purpose of control. — 
Carbon diowide of Venous Blood and Alkalinity of Serwm. 


Diabetes without coma Diabetic coma Other diseases 
Wo 5) 47 8) (Bmpyema) 
a 5 176 61-4 | 
808 
(0) 709 


falling together, without being actually parallel. 7 
The next table relates to the percentages of carbon dioxide and of 
oxygen in alveolar air in normal and pathological conditions. It shows 
that the hyperpneea of diabetic coma is accompanied by a great reduc- 
tion in the amount of alveolar carbon dioxide and an increase in the 


quantity of oxygen, whereas in diabetes without coma the carbon 


The table shows that there is a relation between the alkalinity and 
the amount of carbon dioxide in the venous blood, the two rising and ~ 
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‘dioxide: may be within normal limits. The low percentage of carbon 
dioxide in the alveolar air in the former case can be artificially pro- 
duced by rapid deep breathing in a normal man at rest, and contrasts 
markedly with the condition of dyspnoea in cardiac disease, pernicious 
‘anzemia and with the hyperpneea of healthy men during exercise. 


Percentages of Carbon Diowide and of Oxygen in Alveolar Air. 
(Haldane’ s method.) 


Hyperpnea 
Normal men hyperpneea in ‘Cardiac Diabetic 
at rest -- normal man normal man dyspnea ansmia coma coma 

| &5 144 8 82 192 18 57 159 11 46 145 7 40 4-98 2°29 171 6 
| 641456 8 25 192 14 66 138 09 47 136 6 47 163 1° 4°05 212 176 6 
48 150 8 49 157 09 48 198-7 56 14:0 2-01 178 6 
68 152 9. 65 131 08 141 8 


The capacity of the diabetic blood to take up a greater quantity of 
carbon dioxide is shown by the observations in which a tight bandage 
was left on the arm for some time before removal of the blood; the 
volume percentage of carbon dioxide was 61'8 in a case of diahetes in | 
which three previous estimations had shown that the percentage of 
earbon dioxide was 40 to 45 when alkalinity of the blood was the same. 
Moreover blood from cases of diabetic coma absorbed carbon dioxide 
when it was exposed at a temperature of 37° to an atmosphere 
containing 4—6 per cent. of carbon dioxide. Blood through which pure 
carbon dioxide was passed absorbed 200 to 300 vale. per cent. of carbon 
dioxide at the temperature of the room. 

A change in the amount and condition of hemoglobin might, ac- 
cording to Bohr’s views, alter the power of the blood to absorb carbon 
dioxide. In a case of pernicious anemia with 30 per cent of hemoglobin 
and 1,500,000 red corpuscles per cubic mm. the percentages of carbon 
dioxide and of oxygen in alveolar air were 4°7 and 16°3, and in another 
case the venous blood contained 43:2 vols. per cent. of carbon dioxide. 
Such a reduction therefore in the amount of hwmoglobin. does not — 
appear to reduce greatly the power of the blood to carry carbon Sipnide 
and to discharge it in the lungs. 

It is therefore probable that the respiratory centre is stimulated by 
other substances than carbon dioxide, and that in coma the hyperpnea, 
which is marked by the depth of inspiration and expiration, reduces the 
volume of carbon dioxide in the venous blood, for it has already been 
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shown that the pressure of the alveolar carbon dioxide falls to 2°2 per 
cent. of an atmosphere. 

Lehmann showed that weak acids stimulated the respiratory centre, 
and Geppert and Zuntz from an examination of the gases in arterial 


~ and venous blood came to the conclusion that the hyperpneea produced 


by muscular exercise was due to some products of metabolism and 
not to an increase of carbon dioxide or a decrease of oxygen in the — 
blood. 

During the treatment of patients suffering from diabetic coma by 
the injection of solutions of sodium bicarbonate the typical op venti- 
lation of the chest usually disappears. 

Our observations do not support the view that the low proportion 
of carbon dioxide in the venous blood in diabetic coma is directly 
dependent upon the reduced alkalinity and a reduced carrying power of 
the blood for that gas. They suggest that the hyperpnca is a cause 
and not an effect of the reduction of the carbon dioxide in the blood. 
_ Experiments which are still in progress indicate that there is also 
a diminished production of carbon dioxide. 


_ On the Blaze Currents of the Gall-bladder of the Frog. 
‘By A. M. 


In continuation of Dr Waller’s work on the Blaze currents’ of 
animal and vegetable living tissues, I examined various tissues and 
organs in the Frog and found that the gall-bladder gives large electrical 
responses as much as ‘03 volt., invariably antidrome to the exciting 
current and often exhibiting three or more phases, antidrome, homo- 
drome, antidrome. 

Dr Waller has observed that a Blaze Current may be either anti- 
drome or homodrome’. 

In the gall-bladder these responses are always antidrome whether 
the entire gall-bladder is examined or whether a piece of it is placed 
between the electrodes, in which latter case the internal columnar cells 
and the external smooth muscle fibre are under observation. 

The effects are shown to be physiological by their abolition when 
the tissue is injured by rough — or by hot water, Sates 
chloroform, or tetanus, — 


Sept. 1901; Proc. Roy. Soc. uxvm. p. 79, Jan. 1901. 
® Signs of Life, p. 47. John Murray, 1908 (for University of London). 
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Note on Embryonic Ferments. By Professor Marcus Hartoa 
D.Sc. 


(From the Biological Laboratory of Queen’s College, Cork.) 


_ An examination of the segmenting eggs of the Frog showed the 
presence of a peptic ferment, only active in acid liquids. A similar 
ferment was also detected in the extra vascular blastoderm of the 


Chick, of two to four days’ incubation, with indication also of an 


inverting ferment. These ferments are very fugacious, disappearing 
from material treated with alcohol in the course of a few weeks, and 


from material in salt solution in three weeks 


in the dark. 


= 
‘ 
> 
fe 
aad 
| é 
4 
4 
¥ 
* 
=f 
4 
tats 
3 
§ 
fide 
& 
4 
: 
4 
Pag 
\ A 
ry 
. 
i 
< 
é 
ty 
| 
- 
, 


PHYSIOLOGICAL 
29, 1904. 


The physiological action of scorpion venom. ia W. H. 
Wi1son, M.A., B.M. (Oxon.). 


(From the Physiological of the School of Medicine, Cairo.) 


‘Paul Bert? ascribes the convulsant effect in animals to the exciting 
action of the poison upon the spinal cord comparable to that of 
strychnia ; the subsequent paralysis to an action upon the peripheral 
termination of the motor nerves similar to that of curare. 

I find that the symptoms in animals (observed chiefly in guinea-pigs) 
are hypersecretion, salivation and lachrymation being especially marked, 


convulsions followed by prolonged muscular spasm; death from asphyxia. 


The temperature shows a slight, rarely a considerable rise. Rapid and 
considerable increase of blood-pressure (observed in dogs) followed by a 
gradual fall with slowing of the heart-beat. Rigor mortis appears soon 
after death. The coagulability of the blood is not affected. 

The lower limbs of a guinea-pig perfused with a 1 in 30,000 normal 


saline solution of the venene showed immediately powerful and 


prolonged muscular contractions. 


The spasms in a » frog were not removed = destruction of the spinal 
cord. 


Mack. dec Venins.” Compt. Rend. Soc. Biol. 4™ Ser. 
vit. p. 186, 1865, and p. 574, 1885. 
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Animals under the influence of the poison show no excessive reflex 
excitability, spasm appearing to result from attempted voluntary move- 
ment. 

The effects on voluntary muscle are: (a) Increased excitability. 
(b) Irregular tetanus, the poison directly exciting the contractile tissue. 
(c) Great increase in the amplitude of the contraction with extreme 
prolongation of the relaxation period; the curve resembling that seen 
in veratrinised muscle. No preliminary twitch is seen provided that the 
poison has had time to affect all the muscle fibres. (d) Rapid fatigue. 
Repeated stimulation, at intervals of 10” for example, results in a rapid 
decrease of excitability and extent of the contraction, accompanied by a 
condition of contracture, soon reaching a maximum and slowly dis- 
appearing with weak solutions, but passing into rigor mortis with 
strong solutions of the poison or stimulation at short intervals. 

_ The excitability of the muscle through its nerves is lost more 
rapidly, with repeated excitation, than is the direct excitability. 

The nerve trunks are unaffected by the poison. Stated generally, 
the action of the poison upon muscle fibres and upon the peripheral 
terminations of the motor nerves appears to be to induce a condition in 
which all the phenomena of fatigue are much exaggerated. Cardiac 
muscle (toad’s heart) is affected in a corresponding manner. The systolic 
contraction is prolonged and much augmented in force and amplitude, 
the diastolic relaxation being incomplete. Strong solutions of the 
poison produce within a short — irregular spasms of the Mes huneaey 
muscle, ending in rigor. 

The direct exciting action on the Stannius heart is seen in the 
production of rhythmical contractions. 

Involuntary muscle (esophagus of toad) reacts to the poison in a 
similar manner. — 

The convulsions in animals are to be aseribed to the direct biotin of 
the poison on the muscles. Asphyxia resulting from the respiratory 
muscles reaching a condition of fatigue in which “ fail to respond to 
the natural stimulus. | : 


Note. A detailed account of the oxiiitioasia: upon which the sake 
conclusions are based will be published shortly in the Records = the 
Egyptian Government School of Medicine. 
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‘ The immunity of certain desert mammals to scorpion 


venom. By W. H. Wuson, M.A, B.M. (Oxon) 
The conditions under which animals inhabiting the desert regions of 

Egypt exist must frequently bring them in contact with scorpions. It 
seemed probable therefore that such animals would possess a degree of : 
immunity to the venom sufficient at least to protect them from the 2 
fatal effect of scorpion sting. | 
The following table shows the result of experiments on five species of : 
desert rodent and three species of carnivora. The “venene” refers to - 
that portion of the alcoholic precipitate from saline extracts of the venom — i 
glands which is soluble in normal saline solution. q 
| 
Dose of 3 
Guinea- 510 | 6 | Death in 55 mins. 
8 Common 61 | 07 »  Lhr. 20 mins. { 
White Rat 180 | » 80min. 
Common Fox 1200 | 3°5 » Ihr. 15 mins. ¢ 

2100 | 4 » 80 mins. : 
Jerboa (Jaculus Jaculus) | 50 | -12 | Nil : 

” 64 "24 | Nil 

” 50 Nil | 

” ” 65 7 | Nil ‘ 

” 9 87 ‘15 | Excitement followed by some loss of activity ¥ 

Gerbillus Pyramidum 2% | 23g : 

Gerbils 12 days later, two with intestinal, one with 
” ” 

Merionis Shawi ie 

Pachyuromys, D.N. 65 | | Kasitement. Tnooordination. Death in 4 hr 

70 | | Slight exsitement, Found dead in water | 

vessel on ; 

Vulpes Famelica 1300 | | Nil 
Vulpes Zerda. 1100 | 5: | Salivation. Vomited food 
Zerilla (Ietonyx Lybica) | 600 | 1-2 | Marked convulsive symptoms for 48 hrs. Re- 

Mongoose 2400 Death in 18 hrs. 

Hedgehog ? | 15 | Nil 

The minimal lethal dose per kilogramme in the gui ig i . 

guinea-pig is ‘1 mg. 

of the dried venene, 
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The poison glands of Buthus quinque-striatus (the most venomous 
of the three species examined) from a specimen of average size contain 
about 2 mg. of venene, it is however improbable that an amount 
of venom containing more than 1 mg. of venene could be discharged 
at one time. 

Controls have been made with non-desert living animals of related 
species. 

The venene has been administered by the subcutaneous injection of 
solutions. 

Gerbillus appears to be more resistant than the jerboa ; in the three 
cases in which death occurred, this was probably only indirectly due to 
the poisoning. In the guinea-pig death never occurs later than three 
days after the administration of small doses. 

If may be safely asserted that gerbillus and the jerboa can withstand 
an amount of venom containing 1 mg. of venene, which, if the average 
weight of gerbillus be taken at 35 grammes, indicates a power of 
resistance nearly 300 times that of the guinea-pig. 

Pachyuromys is less resistant. These animals are rare, being found 


in only one locality in Egypt. I have not yet been able to get evidence 
as to whether only the less venomous species of scorpion are ® found i in. 


that locality. 


The mongoose and hedgehog, both highly resistant to snake venom, 


were examined in view of Calmette’s’ observation that animals 
artificially immunised to snake venom are immune to the venom of 
the scorpion. It may be noted that the hedgehog is insectivorous, and 
is frequently found about the edge of the desert. 

Natural immunity (the small size of the rodents mentioned excludes 
the possibility of their immunity being acquired individually) is not 
generally accompanied by the presence of antagonistic bodies in the 
blood ; it seemed possible therefore that the muscles of these immune 
animals, upon which the main effect of the scorpion poison falls, might 
possess a greater resistance to the action of the venene than those 
of other animals. Experiments made to test this point appear however 
to show that the striated muscles of gerbillus are just as readily affected 


- by even dilute solutions of the venene as those of the rat or guinea-pig. 
_ The blood of gerbillus has been examined ; the results of a few experi- 
ments tend to show that it does not possess the power of destroying the 


active principle of the venom in witro. 
- Natural immunity to bacterial and other poisons cannot as a rule be 
1 Calmette. Ann. de l’Inst. 1895. 
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said to confer any great advantage upon the animals possessing it ; in 
the case however of the desert manimals mentioned the immunity to 
scorpion venom seems to be almost essential for the continuance of their 
species, at least under the conditions in which they habitually live, and 
would appear to be an interesting example of adaptation. 


The relation sateen the density of expired air and the 
respiratory quotient. By W. SYMES. 


Waller and Collingwood! have pointed out that, for respiratory 
- quotients between 0°5 and 1-0, the difference in density between expired | 
and atmospheric air depends on the value of the quotient. This is also 
true beyond the physiological range, and the following is an independent 
analysis of the variations in density of dry expired air, at normal 
temperature and pressure, without regard to physiological limits of the 
quotient, based on, confirming, and extending their statement. It is 

assumed, as by Waller and Collingwood, that the “N”*in air is neither 
increased nor diminished by respiration. 

Let # denote any volume of dry expired air, and let J be the 
corresponding volume of dry atmospheric air, i.e. that containing the 
same volume of “N.” Let a be the volume (in cc.) of CO, per c.c. 
volume of CO, expired 
volume of O, absorbed’ 


Then since af is the volume of CO, in Z, and = the ‘volume of 
O, absorbed from /, 


expired air, and « the respiratory quotient, viz. 


whence 1—a+ - 
and if b be the volume of “N” per cc. in J, the volume of “N” per cc. 
in E=b x > Therefore the increase in volume of “N” per cc, in 
E=b (3 1) 


(This increase is positive when «#<1, is negative when #>1, and 
when #=1, is zero.) 


' Note on the ealoulations of the Respiratory Quotient from Volumetic data. Proc. 
Physiol. Soc. Dec. 1908. 


* “N” refers to Nitrogen plus argon and allied gases, The term Nitrogen is used in 
this sense by Waller and Collingwood. | 
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Now let ¢ denote the difference in weight (in grams) per c.c. between 
Co, and O,, k that between O, and “N,” and y that between Z and J.. 


Then, when 2< 1, since b ce cc. of “N” virtually 
in each c.c. of as | 
| | y=ca— (1 1) gm. per ec, 
and, when >I, since CO, replaces (1 c.c. of “ N,” 
y=c}a—b(1 gm. per c.c. 
= ca + kb (1 +>) gm, per c.c. 
=ca — kb (7-1) gm. per c.c., 
and since when #= 1, 1) 


I 
for all values of the respiratory quotient. : 


Expressing > in terms of a and « by (i), 


y=ca— kb (7 a) gm. per 


273 Bax actual pressure 


actual temperature ’ 760 


then if y be the difference i in weight between # and J, - 


and this is the locus of a family of rectangular hyperbolas, sine 7 
parameter a7'P, in terms of one asymptote (OY) and a line (OX) ‘ 
parallel to, and a7'P (c+ kb) below, the other asymptote. . 
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Each curve is geometrically complete, ze. for any assigned value of 
either variable, there exists a geometrically corresponding value of the 
other. Apart however from physiological limitation, there is a physical 
limit to each curve, imposed by the percentage of O, in the atmosphere, 
and by that of CO, in expired air. Thus for a= ‘01, 03, and ‘06 the 
lowest possible quotients are about ‘04, ‘12, and -24 respectively. 


4 
30 
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Three members of the family, with their asymptotes, viz. for a = -Olc.c., 03¢.c., and | 
‘06 0.0. respectively. The ordinates show (in milli-milligrams) the difference in weight _ 
per ¢.c., between dry expired and dry atmospheric air, at normal temperature and 
pressure. c and k are taken as ‘000536, and 000172 gm. respectively, b as -79 c.c. 
The curves cut the abscissa just to the right of c= -2, This point is determined 
by the values of b, c, and k. 


Putting y= 0, all members of the family are seen to cut the 
kb 
abscissa at the point 2 = a: At this quotient, therefore, expired 


and atmospheric air would have the same density, whatever were the 
percentage of CO, in the former. At lower quotients expired air would 
be the less dense. It is obvious from equation (iv), that the members 
of the family intersect, where they cut the line OX. 
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Now (c+kb) is the difference in weight per c.c. between dry Co, 
and dry atmospheric air at 0°C. and 760 mm. Hg, whilst kb is that — 
between dry O, and dry atmosphere under the same conditions. Hence 
equation (iv), which may be written 


y =TP 20}, 


states that the difference, in weight per c.c., between dry expired air 
and dry atmosphere at the same temperature and pressure, is the 
difference in weight between the added CO, and an equal volume of 
air, minus that between the absorbed' O, and the volume of air 
equal to it. 


It is also obvious that, given y and a, # and therefore - (the 


volume of the absorbed O,) can be obtained without further vehdaies 
measurement. Thus: 
aT Pkb kb 


| (c + kb) — (c+ kb) 


y 
4 a aTP(c+kb)—y 
208 


If W be the weight of 1 c.c. of dry atmosphere at normal temperature 
and pressure, the absolute weight of 1 c.c of dry expired air under con- 
ditions 7’ and P 


and the density of dry expired air relative to that of dry atmospheric air 
at the same temperature and pressure 


The difference in density, therefore, between dry expired air and dry 
atmosphere at the same temperature and pressure : 


a family differing from (iv) in parameter only. 


a That is, the O, absorbed in the production of 14.0. of ary expired air, not necessarily 
the O, lost by 1¢.c. of atmosphere. 
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Choline—a new method of testing for its presence in the 
blood and cerebro-spinal ‘fluid. By R. W. Auten, M.A., Gull 
Student in Pathology. (Communicated by Dr PEMBREY.) 


(From the Physiological Laboratory of Guy's Hospital.) 


Preliminary communication. 


Some observations on the platino-chloride method of testing for 
choline in blood communicated by French and Allen to this Society 
in November last rendered desirable some new method, which would 
not be complicated by the presence of inorganic salts. 

A reaction which has proved suitable offered itself in that with 
iodine in weak alcoholic solution. 

Method. 10-20 c.c. of freshly drawn blood are mixed with 4-6 times 
the volume of 96°/, alcohol, allowed to stand two hours, filtered and the 
filtrate evaporated to dryness at 30°-40°C. The residue is extracted 
with 3 cc. 99°6°/, absolute alcohol, filtered and the filtrate again 
evaporated to dryness; a third extraction with 1:5 c.c. absolute alcohol 
having been made and the filtrate evaporated to dryness as before, 0°8 c.c. 
of distilled water are added, the whole well mixed and transferred to a 
small dialyser and dialysed for 24 hours into 4 cc. distilled water. 
The resultant clear aqueous solution is then evaporated to dryness in a 
small porcelain capsule and to the residue one drop (0°1 c.c.) of distilled 
water is added and shaken round in the capsule. An approximately 
saturated solution of iodine in 30°/, alcohol is then carefully added drop 
by drop; the addition of 5-10 drops of the iodine solution results in 
the production of a reddish-brown precipitate or coloration if choline be 
present, which however quickly disappears on standing or on the 
addition of excess of the test solution. 

Results. When the blood so treated was that of people in ordinary — 
health no coloration, 7.¢. positive reaction, was ever obtained ; this held 
true on examination of the blood of the three healthy subjects referred to 
in November last, which yielded copious crystals by the platino-chloride 
method. 

The addition of 0°001 gram of choline to any such blood before its 
admixture with the absolute alcohol sufficed however to produce a 
distinct reddish-brown coloration, in no way to be confused with the 
change of colour in the solution due to the addition of the iodine. 
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The reliability of the method having been established by numerous 
control experiments the blood and cerebro-spinal fluids of various 


patients were then examined, with sas results shown in the appended — 


list. 
It will be seen that, provided a nervous lesion be sufficiently 
extensive or acute, choline can be detected in the circulating fluids of 


the body, thus practically confirming the results obtained by the less 


reliable platino-chloride method. That epilepsy gives negative results 
is only to be expected when the very slight amount of associated 
destruction of nerve tissue is duly considered. 

The injection’ of choline into rabbits and rats subdurally, intra- 
peritoneally and intravenously, did not lead, even when large doses were 
given, to the production of convulsions, as described by Donath. Its direct 
introduction into the brain substance did however, but this was almost 
certainly due to cerebellar irritation and increase of pressure. Charac- 
teristic distubances were however produced, such as diarrhea, salivation 
and progressive muscular weakness. The brain and cord of one 
rabbit which had been injected subdurally for over a month was kindly 


examined for me by Dr Buzzard. No change in the brain was found 


but there was a peculiar diffuse degeneration of some of the fibres of the 
cord, especially in the dorsal region. 

In another rabbit which is still alive the injection of choline has 
been continued for two months; this animal shows great muscular 
weakness and a peculiar change in the joints of its forelegs. 

No obvious effect has been produced after three weeks in the rats. 


Inst of cases. 


A. Yielding a positive reaction : 
(1) A case of well-marked general paralysis with convulsions. — 
(2) A similar case. 
(8) Very acute diphtheritic — of four months standing. 
(4) Cerebral syphilis. 
(5) Complete transverse myelitis. 


(6) A case where the ulnar, median, musculo-spinal, internal, 


cutaneous, etc. nerves had been completely severed high 
up in the axilla; examined 17 and 33 days after the 
accident. 


1 These injections were kindly performed for me by Dr Eyre. 
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B. Yielding a negative result : 
(1) Epilepsy. 
(2) Epilepsy, very severe case. 
(3) Jacksonian epilepsy. 
(4) Freidreich’s ataxia. 
(5) Very slight diphtheritic paralysis. 
(6) Slight disseminated sclerosis. 


C. Cerebro-spinal fluids, all negative: 
(1) Myasthenia gravis. 

(2) Posterior basal meningitis. 
(3) Transverse myelitis. 
(4) ? Meningitis ? cerebral tumour. 


My best thanks are due to Drs Pembrey, Beddard and ad Eyre for 
their kind assistance and advice. The expenses of the research were 
defrayed out of a grant to Dr Pembrey from the Royal Society. : 
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The reaction of the ferret’s bladder to adrenalin. By 
T. R. Exxiort. 


In a recent communication! it was stated that the relaxation of the 
cat’s bladder caused by adrenalin is not to be accepted as a type of the 


reaction of the mammalian bladder, since the plain muscle forming the 
wall of the bladder in the dog and the rabbit is indifferent, gat 


presence of adrenalin. The bladder of the ferret responds to the = 
injection of adrenalin by a sharp and powerful conten which is 
complete and prolonged. 

There are, then, three classes, as distinguished by their response to 
adrenalin. In the first the bladder of,.the cat is fully, that of the 
macaque monkey weakly, inhibited by adrenalin: secondly those of the 


a ‘dbp, rabbit, and mongoose exhibit, no change of tension: and lastly that 
of the ferret is con tracted. ‘Phie response of each bladder to excitation 
of the hypogastii¢ fierves*is. practically identical with that caused by 
the injection of adrefialin. While the hypogastric nerves completely 
inhibit the bladder in the’ cat, they can produce its entire contraction 
in the ferret. Moto nerveseate also supplied to the ferret’s bladder 
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Voluntary Contraction of the Arrectores Pilorum. By 
A. J. CHALMERS. | 


A European gentleman suffering from incipient neurasthenia, who 
had been resident several years in the tropics, found that he could 
produce goose skin on his arm and other parts of the body at will. He 
was much interested in the condition when it was explained to him and 
made a number of observations upon himself in answer to questions, 
and these as well as those directly observed by myself are embodied 
here. 

He is able to prodace a well-marked condition of goose skin and to | 
erect the hairs well on the arm and fore-arm, on the chest and upper 
parts of the back, and on the thighs and calves. On the small of the 
back, the abdomen and shins he can produce well-marked goose skin 
‘ but the hairs move feebly or hardly at all. He has no power over the 
skin or hairs of the feet and heels. He can raise the hair of the head 
slightly at times. He is nearly a teetotaler and thinks that drinking 
a little alcohol impairs his power of performing. these movements. 

He is not able to limit the muscular contraction to any one region, 
when he wills the movement in one Tegion it takes place in others: as 
_-well, but the action is more powerful in the willed region. 


power of contraction appears a little weaker on the left 

“Phe speed of making the contraction and relaxation is slow at first but 

- “increases With a Ete eas Thus in successive trials on the arm, 
the times 


20” 30" 
IL. 11” 


Relaxation is much longer than eontiaction. WI en be: raises b the 
hair on one arm they rise also on the other but more slowly. He 
cannot prevent them rising, so that the movément i is bilateral. These 
movements of the Arrectores Pilorum are _ unaccompanied by any move- 
ment of the voluntary muscles, 

He certainly has been overworking himself for ‘some years and his 
knee jerks are somewhat exaggerated, but is in the- 
nature of a reflex in these moyen —_— 
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Fig. I. shows his arm in the position of rest, Fig. Il. shows the 
willed erection of the hairs and the goose skin. The upper surface 
of the arm only is illuminated. Fig. III. again shows the arm at 
rest. Fig. IV. the condition of goose skin. Fig. V. the full elevation 
of the hairs. 3 


> Fig. I. 


<i 
‘4 
4 
Be: 
4 
4 
; 
% i" 
fa? 
Wa 
; 
4 
= 
3 
a 
a 
y 
ig. IL. 
« 
4q 
eg 
2 
4 
P 
4 
& 
Vv 
Fig. V. 
> 
3 
43 
* 
4 


xii PROCEEDINGS OF THE PHYSIOLOGICAL. 


The ‘ new apparatus for the production 
of anesthesia by chloroform. By A. D. WALLER. : 


The chloroform apparatus to which I have given the name of “ ie: 
vaporiser,’ for the delivery of chloroform-and-air of suitable and easily 
governed strength, suggested itself to me from the wick carburettor used 
for certain forms of motor-cars. It seemed obvious that if by evaporation 
from wicks enough petrol vapour can be got to drive a heavy car at high 
speed, it should be an easy matter to find a wick surface capable of 
supplying 1 to 2 °/, of chloroform vapour to, say, 10 to 15 litres of air per — 
minute, %.¢. in liberal excess of the volume of air normally nreeened, | 
which may be reckoned as being 6 litres sites minute’. A 


To effect this I a 3 wick with a of wick 
66 mm., so that a length of 75 mm. exposed an area of evaporation of 
50cm*. I found by preliminary trial that at Ordinary room temperature 
this area gave off rather more than 1 "fs of-chloroform vapour to a con- 
tinuous air-current of 8 to 12 litres per minute, and that a second and 


i The average volume of chloroforni” vapour 
required, is 100 to- 200 .0. 
* ick wil lod 100 ies of 
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third wick raised the percentage to about 2°/, and to nearly 3°/,. 
continuous air-stream was secured by a narrow orifice in a metal plate 
fixed in the tube leading to the vaporiser from an ordinary foot-bellows 
as used by glass-blowers. The figures of a particular trial made just 
previous to its application to the human subject were, 

with wick ... 13°, 

with 2 wicks ... 1:9°%, 

with 3 wicks ... 


With another instrument and a different make of wick, the 
percentages observed were, 


with Lwick ... 0°96 and 104°/, 
with 2wicks ... 17 and 18%, 
(the third wick was too short to be worth estimating). 


_ The wick vaporiser has proved to be extremely convenient for the 
ordinary purposes of the laboratory. The anesthesia of small animals— 
up to 10 or 12 kilos—is induced in a 15 or 30 litre bell-jar into which — 
air is pumped through the vaporiser by foot-bellows, as shown by the 
figure. The anesthesia is subsequently maintained through the tracheal 
tube connected with the vaporiser. The depth of anzsthesia is under 
complete control, the strength of mixture being raised or lowered as 
required by raising or lowering wicks. 

The apparatus has been tested clinically in two cases at St George’s 


Hospital under the supervision of Dr F. W. Hewitt. In the first caséjy 9" ~ a 
_ with only ong wick in action the induction of anesthesia ocoupied 12) 
minutes (it was completed by bringing a second wick into aetion for the 


last 3 or 4 minutes). In the second case, two wicks werd brought into 

action at once, and the induction was completed in 5 minutes. The 
anesthesia was maintained in both cases by 1 wick + about } of a 
second wick. The volume of air + chlotoform mixture was supplied in 
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